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All reliable sources of data for the static dielectric constant or relative pennittivity of 
water and steam, many of them unpublished or inaccessible, have been collected, evalu
ated, corrected when required, and converted to the ITS-90 temperature scale. The data 
extend over a temperature range from 238 to 873 K and over a pressure range from 0.1 
MPa up to 1189 MPa. The evaluative part of this work includes a review of the different 
types of measurement techniques, and the corrections for frequency dependence due to the 
impedance of circuit components, and to electrode polarization. It also includes a detailed 
assessment of the uncertainty of each particular data source, as compared to other sources 
in the same range of pressure and temperature. Both the raw and the corrected data have 
been tabulated, and are also available on diskette. A comprehensive list of references to 
the literature is included. ©1995 American Institute of Physics and American Chemical 
Society. 
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List of Symbols 

C capacitance 
f frequency 
G conductance 
Kc geometric constant 
L inductance 
P pressure 
po 0.101325 MPa 
Q quality factor 
T temperature 
Tb nonnal boiling temperature. 373.124 K 

(ITS-90) 
Tf nonnal freezing temperature, 273.150 K 
To 298.144 K (ITS-90) 
Es,E static pennittivity, or dielectric constant 
E' real part of the pennittivity 
E" complex part of the permittivity, or 

dielectric loss 
Eoo optical permittivity 
Eo permittivity of free space 
K specific conductivity 
p density, V m molar volume 
A wavelength 
T dielectric relaxation time 
w angular frequency (w=2'Tr1f) 

1. Introduction 

Experimental determinations of the dielectric constant of 
pure water have been performed by many scientists since the 
end of the last century. In his book "Properties of Ordinary 
Water-Substance", N. E. Dorseyl quotes 47 papers reporting 
values for this quantity between the years 1893 and 1937. 
Most effort was expended to determine the frequency depen
dence of the dielectric constant, and it was found in that 
period of time that no rotational absorption band exists below 
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1 GHz. The temperature effect was first studied in 1893, but 
poor agreement was obtained prior to the establishment of the 
first International Temperature Scale in 1928. Only three pa
pers were concerned with the effect of pressure, all of them 
revealing a small positive slope at room temperature. 

More recently, Uematsu and Franck2 presented a survey of 
available literature data up to 1975, including several very 
accurate studies in the liquid region, which superseded all 
previous work. Regions other than that of the liquid were 
investigated for the first time in this period, such as the steam 
and water states along the saturation curve, and the supercrit
ical region. Results for supercritical and saturated steam ob
tained ,from the Russian literature were included, although in 
most of these publications the data were presented only in 
graphical form. 

Since 1975, new results have been reported in all of these 
regions, and, in addition, in the supercooled liquid phase at 
amhient pre~~lIre. Sinee 197';, aI~o, ~everal new nM::! C'ol1eC'

tions were assembled as part of correlations for the static 
dielectric constant of water. We mention those of Pitzer,3 
Marsh4 and especially, Archer and Wang.5 The latter contains 
the mUlSt rel:ent l:umprehenlSive literature survey amI givelS 

reference to all data Archer and Wang used in their correlation 
of the static dielectric constant of water and steam. Since this 
paper appeared in 1990, however, new data for saturated 
steam and liquid water have been obtained. 

More than half of the data we have collected are contained 
in unpublished PhD theses, or in journals often not readily 
available. The purpose of this paper is to make the entire 
original experimental data base available in computer-acces
sible form. In addition, a corrected data set is presented; 
corrections involve updating of the temperature scale; in some 
cases, recalculating the pressure; and recalculating of values 
of the dielectric constant determined relative to another sub
stance when necessary. Furthermore, the data sets are evalu
ated, sources of error are assessed, and, to the extent possible, 
a judgment is made about the uncertainty of each data set. 
This last point is important in view of the fact that the differ
ences in the data obtained by different authors for the same 
thermodynamic region are, in many cases, 1arger than the 
uncertainty claimed for the individual data sets. 

The focus of this work is on the static dielectric constant, 
that is, the real part of the relative permittivity in the limit of 
zero frequency. There is a large amount of experimental work 
devoted to the permittivity of liquid water at ambient condi
tions and frequencies between 1 GHz and 40 GHz.6--X The 
frequency dependence of the experimental pennittivity may 
be represented in this range with an accuracy of 1 % by the 
Debye function,X 

e(w) 

where 

and 

Ex + E' + it", 

E,-E" 
E'(W) = E:xo + 1 +W 2T2 ' 

e"(w) 

(I) 

(2) 

(3) 
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In Eqs. (1)-(3), W=27Tj, j is the frequency, Es is the parameter 
Identified with the static dielectric constant, the topic of this 
work, Eoo is the parameter identified with the optical permittiv
ity at frequencies lt) ~ 27T I T, and T is the relaxation time 
characteristic of the dipole reorientation in a changing electric 
field. e' and e" ~e, respectively, the real and imaginary parts 
of the permittivity. 

At 298.15 K, E' decreases from 78.4, its static value Es at 
1-0, to"about 20 at 40 GHZ;8 the parameter Eoo=5 and 
T-8.27ps, giving'rise to a strong decrease in E' in the mi
crowave region of the electromagnetic spectrum, at about 20 
GHz. Below 1 GHz, the decline of e' is small; the difference 
Es - ft' is 0.3% at 1 OH:t.. This llifft:rem.:t:, huwt:ver, ~hl:111ge:s 

rapidly with the temperature, following the change in the 
relaxation time T from 21.10 ps at 273.15 K to 4.01 ps at 
333.15 K, and the change in the optical permittivity Eco from 
5.9 at 273.15 K to 4.2 at 333.15 K; es - e' at I GHz ranges 
from 1 % at 273.15 K to 0.06% at 333.15 K. In what follows, 
€. will denote the static dielectric constant. 

This paper is ordered as follows. In Sec. 2, information is 
given about the organization of the data by region in phase 
space, the code used for the file names, and the transformation 
to the most recent temperature scale,9 ITS-90. In Sec. 3, a 
brief review of the experimental method3 is given nnd the 

likely sources of systematic errors are considered. In Sees. 4-
7, the data sources are reviewed, including brief descriptions 
of the methodology, known sources of error, and corrections 
applied by us. The data are grouped according to region in 
thermodynamic phase space. Section 4 contains the data at the 
highest densities, in the region bounded by the normal freez
ing and boiling temperatures, at pressures from ambient up to 
the melting curves of ice V and VI. Section 5 contains the data 
in steam and water along the saturation curve. Section 6 cov
ers the one-phase data above the normal boiling point and 
includes supercriticlll states. Section 7 contains the data at 

ambient pressure in metastable water below the normal freez
ing point. $ection 8 present some concluding remarks. The 
appendix contains the tabulated original and corrected data 
sets. In addition, these are available on a diskette that can be 
obtained from AlP. d 

2. Organization and Temperature 
Conversion of the Data 

2.1. Grouping of the Data Sources. 

Figure 1 displays 1,256 thennodynamic state points of wa
ter for which the dielectric constant has been measured, ob
tained from 36 articles from 1930 to the present. More than 
half of these measurements are in the high-density region 

JSee AlP Document No, PAPS JPCRD-24-33-disk for files of these data in 
machine-readable form, The data are available from AlP on disk as ASCII 
files, formatted by MS-OOS for IBM-compatible computers: the 88 files total 
105 kB. When ordering, please indicate whether 33 inch or 5~ inch disks are 
preferred, 

Order by PAPS number and journal reference from American Institute of 
Physics. Physics Auxilial)' Publication Service, Carolyn Gehlbach, 500 Sun
nyside Blvd., Woodbul)', NY 11797, The price is S I 0.00 in either format. 
Airmail additional. Make checks payable to American Institute of Physics. 

bounded by the'normal freezing and boiling temperatures, the 
isubar at ambient pl~s:sure, and the melting curvt::s of ice V 
and VI, which we denote as Region A. The remaining points 
are located along the saturation curve (Region B), in the one
phase region above the normal boiling point (Region C), and 
in the range of supercooled water at ambient pressure (Re
gion D). 

The data sources have been grouped according to the above 
partitioning of the phase diagram, and the individual sources 
in each of the groups A-D are described in the corresponding 
Secs. 4-7, respectively. 

2.2. Temperature Seale 

All data have been converted to the International Tempera
ture Scale of 1990, ITS-90, in a manner described below. 

In 1927, the first international agreement about the temper
ature scale was reached by the introduction of the Interna
tional Temperature Scale of 1927 (ITS-27).10 Three revisions 
of the international temperature scale have been introduced 
since, namely the International Temperature Scale of 1948 
(ITS-48),1I the International Practical Temperature Scale of 
1968 (IPTS-68),12 and the International Temperature Scale of 
1990 (ITS-90).9 There is no difference between ITS--27 nnd 

ITS-48 in the temperature range of interest here. Unless the 
authors stated otherwise, we have assumed that all data pub
lished prior to February, 1969, the publication date of IPTS-
68, had been obtained on ITS-48. The conversion from ITS-
48 to IPTS-68 was accomplished by interpolation of the 
differences between the two scales published elsewhere.13 The 
conversion from IPTS-68 to ITS-90 was carried out in accor
dance with Table 1.6 of the report "Supplementary Informa
tion for the ITS-90" , of the Bureau International des Poids et 
des Mesures (BIPM), in the formulation published by 
Rusby.14 

In the Appendix, and in the computerized data sets, we 
report all ITS-90 temperatures to three digits. This procedure 
in no way implies that the data have a smaller temperature 
uncertainty than that implied by the number of decimal places 
given in the original reports or publications. The procedure 
does guarantee that the original temperature is reproduced to 
1 mK or better when the ITS-90 values are converted back to 
the original scale. 

2.3. Organization and Nomenclature of Files 

In this section we describe the nomenclature of the data 
files, and give details of the organization of the diskette con
taining the data base. 

Two sets of data files have been prepared. Those contained 
in the directory called ORIGINAL correspond to those in the 
original publications, while the data contained in the directory 
called CORRECTED have been corrected by us. Corrections 
were made to bring data to a common temperature scale, as 
described in Sec. 2.2. In addition, individual data sets were 
further corrected as needed, by recalculating the pressure 
scale and the dielectric constant values detennined from mea

surements relative to other fluids. Details of the corrections 
for individual data sets are given in Secs. 4-7. 
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FIG. I. State points at which the dielectric constant was measured. (0) Regio~ A; (6) Region 8; (0) Region C; C\7) Region D. 

We adopted the following convention for the names of the 
individual data files. The first letter of the filename, A-D, 
refers to the region of thermodynamic phase space where the 
data were obtained, according to the convention defined in 
Sec. 2.1 and shown in Fig. 1. The next two numeric digits 
refer to the year when the results were published. They are 
followed by the first four letters of the surname of the first 

author. An additional alphabetic character appears if two dif
ferent files would be assigned identical names in its absence. 
The files in the directory ORIGINAL have the extension .or. 
In the directory CORRECTED the files have an extension that 
defines some general characteristic of the data: ,at, for data at 
ambient pressure; .sv, for data in the saturated vapor; .sl, for 
data in the saturated liquid. No extension is given if the data 
do not fall in one of these three categories. 

Each data set is represented in a table by a single line (See 
Tables 1, 5-7). This line contains the number of the reference; 
the file name as defined above; the method and experimental 

ranges of variables; the reference substances used; the number 
of data points for the original and corrected files; and the 
experimental uncertainty as claimed by the authors. 

J. Phys. Chem. Ref. Data, Vol. 24, No.1, 1995 

3. Brief Review of Experimental Methods 

As was mentioned in Sec. 1, the decline with frequency of 
the real part of the permittivity of water is small up to frequen
cies of 1 GHz. If an accuracy of 0.05% is desired for the static 
dielectric constant, as is the case for the best available mea
surements, frequencies below 100 MHz can be used \-yjth no 

further frequency-dependent correction for dipole reorienta
tion at temperatures above 273.15 K. In the range below 1 
GHz, two types of experimental techniques are used: in the 
low-frequency range, below 1 MHz, a cell filled with water 
can be treated as a capacitor in a circuit which imposes the 
frequencies of interest. For higher frequencies, when the 
wavelength is similar to the size of the sample, the geometry 
of the cell fixes the wave vector k and the frequency adapts 
according to the dielectric constant of the medium; a reso
nance frequency, rather than a capacitance, is then measured, 

3.1. Low-Frequency Range: Lumped Circuits 

Many different types of circuits were used in the detenni
nation of the dielectric constant of water up to frequencies of 
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30 MHz. 15 In the low frequency range, below 1 MHz, the 
capacitance and the dissipation factor of a three-tenninal cell 
filled with water are generally obtained by a null method, 
involving some type of capacitance bridge (denoted CB in 
Table~ 1 > 5-7): in the older designs resistive ratio arms were 
used, while the more recent versions have inductive ratio 
arms. At frequencies above 1 MHz, the residual impedances 
of the 'lumped components introduce large errors in the bridge 
measurements.'-Resonant circuits (denoted RC in Tables 1, 
5 -7) are then preferred; in this case an inductor and a capacitor 
are loosely coupled to a generator, and resonance is indicated 
by a voltmeter; the capacitance of the cell filled with water is 
measured by a substitution method, and the loss component is 
detennined from the width of the resonance curve g, usually 
at half-power. Finally, some experimenters have used an LCR 
meter, which is able to measure the inductive (L), capacitive 
(C) and resistive (R) components of the impedance of a 
sample over a wide range of frequencies. 

The accuracy of the measurement of the capacitance of the 
cell tIlled with water in general deteriorates when the conduc
tivity of the water rises; in this case, the large loss current in 
phase with the voltage, especially at low frequencies, implies 
a shallow minimum for the null method detection or a poor 
resonance peak (low quality factor Q = fl2g) for the resonant 
circuits. 

The conductivity of pure water changes rapidly with tem
perature and pressure,16 as can be seen in Fig. 2, for the satu

rated liquid phase. The largest errors for the capacitance of the 
cell due to this intrinsic conductivity are expected to occur 
close to 500 K for the liquid phase near the phase boundary. 
On the other hand, because of the difficulty of avoiding elec
trolytic contamination, many of the results reported in the 
literature were obtained with samples whose conductivity is 
more than ten times the value for pure water. 

300 

100 

o~=-----~--__ ~ ____ ~ __ ~ ____ ~~ 
o 300 400 

TIK 
500 

FIG. 2. Specific conductivity of liquid water along the saturation line. 

Another related source of error is the residual capacitance 
associated with the resistance network used to balance the 
conductivity of the water. The capacitance of such a network. 
which is used to correct the capacitance of the cell filled with 

water, can be detennined'less accurately when a lower value 
of resistance is needed in order to compensate a sample with 
large conductivity. 

Errors due to residual inductances of the circuit usually 
increase with frequency. This effect may give rise to an appar
ent frequency dependence of the capacitance of the cell filled 
with water; the correction required depends on the particular 
model circuit considered. The most common case found in the 
literature is an increase in the measured capacitance when the 
frequency increases. 

In the low-frequency range, an increase of the capacitance 
with decrease of frequency is always noticeable. This effect is 
due to the presence of free ions, which can migrate in an 
electric field. At low frequencies, the ions have sufficient time 
to reach the surface of the electrodes in large numbers, and 
thus add an impedance to the system. For example, the proton 
has a mobility in water of about 4.1O-7m2·s- 1.y- l

; conse
quently, the proton can migrate a distance larger than the size 
of a water molecule (0.2 nm) during half a cycle, at frequen
cies below 10kHz and electric field strengths larger than 
102 Y·m- I

• Such condition are common in capacitance mea
surements with water. This phenomenon is called electrode 
polarization and has been studied extensively, but it is still not 
wen understood.17

•
18 The magnitude of the electrode polariza

tion increases with the ionic concentration; at 298.15 K, even 
for the purest samples of water studied, the effect is noticeable 
at frequencies below 1 kHz. 19 

The capacitance finally obtained is, in most cases, a func
tion of the frequency with a shallow minimum between 
10kHz and 50 kHz. Three examples from the literature are 
shown in Fig. 3; Fig. 3a corresponds to the function obtained 
by Malmberg and Maryott/o who used a capacitance bridge 
with resistive ratio arms; the experimental capacitances (open 
circles) were corrected by means of a model circuit with 
inductive elements (dashed curve). This correction only af
fected the capacitance values at the higher frequencies; at the 
lower frequencies, the increase of the capacitance was ex
plained as the result of electrode polarization. Figure 3b 
shows the results of Yidulich and Kay, 19 who used a trans
fonner bridge supplemented with an auxiliary conductance 
network. Figure 3c corresponds to the paper of Dunn and 
Stokes,21 who used a circuit similar to that of Vidulich and 
Kay,19 although at higher frequencies. Malmberg and Mary
ott20

, as well as Dunn and Stokes21 used rather contaminated 
"~mple", with ('onrillC'tivitie" M le~"t five time" that of pure 
water. Vidulich and Kay,19 instead, worked with water of 
bigher purity, with a conductivity about 30% above the ac
cepted value 16

; as a consequence, these authors found 
(aClafh~O between 5 kHz and 50 kHz. 

In all the cases where electrode polarization is noticeable 
throughout the range of frequencies used, an extrapolation of 
the capacitance to infinite frequency is carried out. For the 
extrapolation, the data at each temperature T and pressure p 
are fitted to an empirical function of frequency of the fonn 
rn: the value for the exponent n ranges from 0.5 to 2 and in 
general is the same for all temperatures in any given experi
mental set-up. Once the capacitance value extrapolated to 
infinite frequency is calculated, it is then set equal to 
C(T.p.H:O). the capacitance of the cell filled with water at T 
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FIG. 3. Frequency dependence of the capacitance of the cell filled with water. 
(a) Malmberg and Maryott20

; (b) Vidulich and Kay l9; (c) Dunn and 
Stokes2i

. Note that the scale on the abscissa is linear in Vjfor (a) and 
(b), and linear in 11/12 for (c). 

and p, and the dielectric constant E is obtained from the ratio 

E 
C(T,p,H10) 

ER C(T,p,R) (4) 

where C(T,p,R) is the capacitance of the cell filled with the 
reference substance R, with dielectric constant ER. In general, 
the reference is vacuum, since the vacuum capacitance of the 
('~II r,.=rcT,p=O) rif>pf'nrls only on its temperature, and E,=l; 

C. is measured at a reference temperature and C(T,p,vacuum) 
is then calculated from C. considering the dimensional change 
of the cell with temperature and pressure; fractionally, these 
corrections are typically 1'10-5 K - J and 2.5 '10-6 MPa - J. 

In general, in the cases where a resonant circuit is used to 
measure the capacitance of the cell filled with water, at fre
quencies of ·about I MHz, no study of the frequency depen
dence is made. The dielectric constant is reported at the exper
imental frequency. 
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3.2. High-Frequency Range 

Microwave waveguide and transmission-line techniques 
have been widely used to study the complex pennittivity of 
water between 1 GHz and 100 GHz.6-8 Electromagnetic stand
ing waves in coaxiallines23

-
25 (denoted SW in Tables 1 and 5) 

and resonators of fixed geometry26-28 (denoted R in Tables 1 
and 5) are suitable for the study of the MHz band, in which 
the real part of the pennittivity is within 0.3% of the static 
value (see Sec. 1). 

The static dielectric constant is usually obtained by relating 
the resonance frequency of the coaxial line (or resonator) in 
vacuum, fv=f(T,p=O), and that when the line is filled with (or 
the resonator is immersed in) water, f w=f(T,p,H20): 

e (kY (5) 

Equation (5) is an approximation based on a lumped-circuit 
analysis; it was used without further corrections in all the 
experiments in which the dielectric constant of water was 
measured by means of resonators,26-28 and in the first coaxial
cavity experiment reported.24 Owen et al. 25. on the other hand, 
corrected the resonance frequency observed in a coaxial line 
considering the loss attributed to the wall. 

The observed resonance frequency in a coaxial line filled 
with a non-conducting fluid can be corrected according to 

(6) 

where f' and f are, respectively ,the corrected and observed 
resonance frequencies, and Q is the quality factor detennined 
by the geometry and the penneability of the wall. If the 
imperfections in the geometry of the line are small, Q can be 
approximated by 

f 
Q-2g (7) 

where g is the difference between the measured frequencies at 
the maximum and at half power. The quality factor of the cell 
used by Owen et al.25 was larger than 1000; for the coaxial 
line filled with water, however, the observed quality factor Qw 
was less than 100, indicating a strong contribution of the fluid 
to the total loss. 

The correction of the resonance frequency for the cell filled 
with water, due to the loss in the wall, can be achieved with 
'Eg. (6), provided that an estimate for thp.lJlI:llity f;lrtor reflect

ing the loss in the waH is available. The procedure used by 
Owen et al. 25 was to consider the ratio QIJI/2, known for the 
cell filled with nitrogen, independent of the cell content; the 
value for the quality factor for the cell filled with water due 
to the loss in the wall is now about 800. The value for the 
dielectric constant obtained with the corrected resonance fre
quencies, for the case of Owen et al.2s

, is 0.1 % less than the 
one obtained by using Eq. (5). We have made no attempt to 

improve on the models used by any of these authors. 
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TABLE I: Region A 

Ref. File Name TIK plMPa Methoda(f/MHz) Reference No. of Datab Uncertaintyg/% 

24 A30Drak 273-333 0.1 SW(I.3-8.6C) air I 
26 A30Wyma 273-373 Q.l R(0.16-9.2C

) air 7(6) 0.2 
29 A32Aker 283-373 0.1 RC(2) ref. 26 10 
30 A37Albr 291-323 0.1 CB(0.57) air 4 
27 A38Wyma 273-373 0.1 R(48) ref. 26 12c 

31 A39Tyss 293-298 0.1 RCCO.67) chlorobenzene 14 
32 A46Albr 278-328 0.1 CB(0.57) ref. 30 6 
33 A49Lees* 273-323 0.1-1,189 CB(O.OI-I) vacuum 38 0.01 
34 A53Harri 298 0.1-13 CB ref. 46 0.5 
35 A53Harr2 288-348 0.1-19 CB ref. 27 24 
36 A55Miln* 273-298 0.1-101 SW(54C) vacuum 66 0.2 
37 A55Scai 293 0.1-588 CB(l) unspecified 10 <4 
23 A56Gran 273-333 0.1 SW(65-197C

) unspecified 15(7) 0.6 
20 A56Malm 273-372 0.1 CB(0.003-O.096) vacuum 21 0.06 
38 A58Coga* 298-343 0.1-101 SW(54C

) vacuum 110 0.2 
\9.22 A62Vidu* 273-313 0.1 CB(0.OOO5-O.I) vacuum 7 0.05 
39 A66Rusc 273-298 0.1 CB(0.OOO5-O.05) vacuum 45 0.035 
40 A69Scha 293-318 0.1-\26 CB(1.8) ref. 27 39 0.01-0.05 
41 A69Hege 373 0.1-500 CB(O.I) vacuum 12 0.3 
21 A69Dunn 278-338 0.1-207 CB(O.O 1-0.52) ref.20e 61 
42 A73Srin* 283-313 0.1-300 CB(0.002-O.02) vacuum 21 < 0.03 
7 A81Kaat 298 0.1 SW(100-114,OOO) unspecified 1 0.05 
43 A82Bert 274-305 Ool RC(27.5) ref. 20 i 
44 A84Dcui 2?8-373 0.1-300 LCR(O.Oll) vacuum ..,g 0.2 

45 A94Fem* 273-373 0.1 LCR-CB(O.OOO 1-0.0 1) vacuum 42 0.01-0.15 

·sw -standing waves; R-resonator; CB-capacitance bridge; RC-resonant circuit; LCR-impedance meter. 
toetween parentheses is the number of points for the corrected database; otherwise the number of data for the original and corrected databases is the same. 
Cfrequency at 298.15 K. 
dobtained from an equation fitting 17 measured values (not reported). 
ethe vacuum capacitance was also calculated from the resistance of the capacitance cell filled with tetra-ethylammonium iodide in ethanol (see text for details). 
[interpolated from a curve obtained with 80 experimental points (not reported) combined with results from Ref. 20. 
gal> givl:ll U)' thl: uuthUl(:'). 

*sets recommended for use in data correlations. 

4. Region A: Liquid Water Below the Normal 
Boiling Point 

In Table 1 we summarize the data sources for water 
between its nonnal freezing and boiling temperatures, at 
pressures exceeding the saturation pressure. The uncertainty 
listed in Table 1 is the estimate given by the author(s) in the 
published document. The comparison of the data from the 
different sources is organized in the next subsections. We 
begin with the review of all the papers which report absolute 
values for the dielectric constant of liquid water for this re
gion; we then compare the atmospheric pressure data at To and 
Tb; finally, the values for the temperature and pressure deriva
tives are compared. The file names identified with an asterisk 
in Table I represent the most consistent data sets in this 
regIon; these are the sources recommended to be used in data 
correlations. 

4.1 Review of Relevant Papers 

4.1.1. High-Frequency Measurements 

The earliest values considered were obtained by Drake 
etal. 24 and by Wyman. C6 Drake etal. 24 measured the wave
length fonned in a 3.7 m long brass pipe with a concentric 

copper wire, with distilled water filling the pipe. An oscillator 

was used to excite a resonance in air at frequencies between 
11.8 MHz and 76.3 MHz. The half wave length within the 
dielectric was then obtained by means of a brass plunger, 
which had springs to make electrical contact between the pipe 
and the wire, and a calibrated ruler; by moving the plunger it 
was possible to detennine the wavelength. In order to calcu
late the dielectric constant. Drake et ai. 24 used the relationship 

(8) 

where f is the observed resonance frequency, To=298.144 K 
and Po=O.101325 MPa. Here, F(h)=((l+h 2)1I2+1)/2]1/2, with 
h=2KlfE, where K is the specific conductivity of the water. 
Although Drake et al. 24 included the conductivity of [he water 
in this analysis, they found that the correction due to the 
conductivity was negligible for distilled water with a conduc
tivity less than ImS·m- l

. 

Wyman26 measured the resonance frequency of seven res
onators, first in air and then entirely immersed in water. The 
resonators were metal spirals or cylinders with resonance 
frequencies in air between 1.4 MHz and 81.5 MHz. Each res
onator was treated as a circuit composed of a lumped capacity 
C. inductance L and resistance R, arranged in series. The 
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resonance frequency f at which the impedance of such circuit 
is a minimum. is given by 

1 
f = (LC)"2 . (9) 

Provided the magnetic penneability of the fluid is near 
unity and invariant. L is independent of the medium surround
ing the resonator. therefore. the relation between the dielectric 
constant and the resonance frequencies in vacuum and water 
frori1<Eq. (5) is readily obtained when Eq. (4) is used. 
Wyman26 calculated the dielectric constant of water with 
a conductivity of 330 J.LS·m- 1 in this way; he discussed the 

systematic error introduced by the conductivity of the water, 
and from analysis with Eq. (8), he concluded that Eq. (5) 
should provide results with an uncertainty less than 0.2% for 
frequencies above 1.3 MHz. 

Resonance techniques were also used by Wyman and In
galls.27 Oshry.28 Milner,36 Cogan,38 Grant et al.,23 and Kaatzc 

and Uhlendorf.7 Wyman and Ingalls27 used resonators to de
tennine the static dielectric constant of water and deuterated 
water between the nonnal freezing and boiling points; the 
temperature dependence of the resonance frequency of the 
resonator in air was taken into account, improving the earlier 
measurements of Wyman.26 Oshry28 used resonators to deter
mine the static dielectric constant of liquid water along the 
saturation line; his work will be discussed in Sec. 5. 

Milner6 and Cogan38 were primarily interested in the pres
sure dependence of the static dielectric constant. They used 
essentially the same apparatus for determining the resonance 
frequency of a 31.2 cm gold-plated copper coaxial cavity 
filled with water at pressures up to 100 MPa. Milner6 did not 
measure the vacuum resonance frequency of the cell, present
ing only values for the dielectric constant relative to those of 
Wyman and Ingalls.27 Later, Cogan38 measured the resonance 
frequency of the cell filled with nitrogen at low pressure, and 
was thus able to calculate absolute values of the dielectric 
constant. The two studies were summarized in a later publica
tion by Owen et al.,25 in which a correlation for the dielectric 
constant and its temperature and pressure derivatives was 
presented; the average residual in the resonance frequency 
was less than 0.004%. Owen et al. 25 presumed that the differ
ence of 0.2 % with respect to the value obtained by Malmberg 
and Maryott20 at 273.15 K and atmospheric pressure was a 
consequence of Cogan's assumption regarding the quality 
factor, described Sec. 3.2. On the other hand, this assumption 
should have a much smaller effect upon the temperature and 
pressure derivatives of the dielectric constant. than on the 
absolute values. Cogan38 presented a table of values of the 
dielectric constant at nominal values of temperature and pres· 
sure. This calculation involved smoothing by fitting the 
dielectric constant versus the temperature. Owen et al.,25 on 

the other hand, produced an eight-parameter function that 
represented the resonance frequencies obtained by MiIner16 

and Cogan.38 For the present database, the 176 experimental 
frequencies obtained by these authors were trans fanned into 
dielectric constant values by correcting for the frequency as 
suggested by Cogan38 and described in Sec. 3.2. For the 
298. 13K and 308.12 K isotherms .. Cogan3~ used a second 
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cell, different from the one used by Milne~ between 
273.15 K and 298.14 K and by himself at other temperatures. 
The difference between the results at 298 K, the only temper
ature at which data were obtained with both cells, is about 
0.15%. The second cell used by Cogan,38 however. had a 
lower quality factor in vacuum than the first cell. In fact, the 
298.13 K isotherm of Cogan38 seems to have been disregarded 
in the representation developed later by Owen et ai.,25 in 
which only 165 experimental frequencies were considered. 

Grant et ai.23 measured the temperature dependence of the 
complex permittivity in a coaxial·line cell using standing 
waves of 0.172 m and 0.520 m. These wavelengths corre
spond to frequencies of 576.5 MHz and 1.743 GHz in vac
uum. As expected, the values obtained for the real part of the 
pennittivity E' at the higher frequency are lower than those 
obtained at 576.5 MHz; the maximum difference obtained is 
3%, at 273.15 K. For the present data base, we considered 
only the values obtained at 576.5 MHz; this frequency corre
sponds to a resonance frequency in water of about 61.5 MIlz: 
at 273.15 K, given a static dielectric constant value close to 
88. According to Eq. (2), with the values for €tt) and,. at 
273.15 K given by Kaatze,8 the difference between E' at 
61.5 MHz and the static value Es is fractionally less than 
5.10-5• For the same temperature and the higher frequency 
used, Eq. (2) predicts a value for el only 0.04% lower than Es, 

and therefore it is not possible to explain the 3% difference 
obtained by Grant et al.23 between the values at the two fre~ 
quencies used. 

Kaatze and Uhlendorf analyzed over 450 experimental 
values for the complex permittivity of water at temperatures 
between 269.05 K and 333.13 K, at atmospheric pressure, and 
in most of the cases at frequencies above 1 GHz. We have 
considered only one representative value for the present data 
base, which is shown in Table 2 for 298.14 K; this value 
corresponds to the parameter Es ofEq. (1), obtained when 103 
experimental points for the complex pennittivity at 298.15 K 
are fitted to Eq. (1). The lowest frequency considered is 
100 MHz, and no static data from the literature were used in 
the fit. According to Eq. (2), at 298.14 K the difference be· 
tween the real part of the pennittivity e' at 100 MHz and the 
static value Es is less than 0.01 % if the values for Eco and ,. at 
298.14 K given by Kaatze are used.8 The value obtained by 
Kaatze and Uhlendorf7 agrees very well with the other data 
shown in Table 2. For all the other temperatures considered in 
the paper of Kaatze and Uhlendorf,7 the parameter €s from 
Eq. (1) was obtained from references 22 and 25, already in
cluded in the present data base. 

4.1.2. Low-Frequency Measurements 

In Refs. 19-22,30,31,33,39,41,42,44,45, and 47 the 
capacitance of a cell filled with water at frequencies less than 
I MHz was measured by means of a lumped circuit; the 
dielectric constant was then obtained from Eq. (4). The results 
of Malmberg and Maryott,20 Rusche,39 Vidulich et al.,19.22 
Srinivasan,4Z and Fernandez et al.,45 were obtamed at trequen
cies below 100 .kHz. All these authors found qualitatively 
similar behaviour of C(T,Po,j,HzO) with frequency, with a 
shallow minimum between 5 kHz and 50 kHz. 
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TABLE 2. Dielectric constant of water at 298.14 K and 373.12 K at ambient pressure 

Authors Ref. I/MHz 

~e, etal. 24 1.3-8.6 
Wyman 26 0.16-9.2 

Wyman and Ingalls 27 48 
Oshry 28 58-113 

Milner 36 54 

Grant, etal. 23 65-197 
Kaatze and Uhlendorf 7 100-40,000 

11kHz 

Albright 30 570 
Tyssul Jones and Davis 31 670 

Lees 33 10-1,000 
Malmberg and Maryott 20 3-96 
Vidulich, et al. 19,22 0.5-100 

Rushe 39 0.5-50 
Heger 41 100 
Dunn and Stokes 21 10-520 
Srinivasan 42 2-20 
LukashOv 4., ;'-2:> 

Deul 44 10-1.000 

Fernandez. etal. 45 0.1-20 

average 

standard deviation 

The measurements of Malmberg and Maryott20 were car
ried out in a three-electrode capacitance cell formed from 
tin-coated copper plates, silver-plated copper spacers, pyrex 
glass rings and bakelite bushings. The assembled cell was not 
entirely immersed in the thermostat, but the exposed portion 
was insulated. The water was boiled in the cell in order to 
eliminate dissolved air, and the sample was thereafter main
tained under a hydrogen atmosphere. The capacitance of the 
cell was obtained by means of a ratio-arm bridge. The three
electrode cell was connected to the bridge with a "Wagner 
ground' " thereby allowing two- and three-terminal measure
ments. A Wagner ground allows the balancing of the bridge 
with the detector to ground, thus eliminating the effect of 
detector capacitance to ground. 

In order to analyze the different errors, the cell was moo
elled as a capacitor in parallel with a resistor, and these two 
in series with an inductor and resistor corresponding to the 
leads. The difference between the inductance of the leads and 
that of the measuring arm detennined a maximum correction 
of 0.1 % at the higher frequencies, this being the most impor
tant correction presented by Malmberg and Maryotfo. This 
correction i~ repre~enteei as a eiasheei line in Fig::\~ Thf'. 

corrected values of capacitance C were then extrapolated to 
infinite frequency using the function C = C~ + alf b

, where a 
and b are constants for a given experiment and temperature. 

Malmberg and Maryott report their data at the experimental 
temperatures in their Table 2, as values calculated from a 
polynomial in temperature, their Eq. (5), fitted to the mea-

T/K 
298.14 373.12 

€ Ki~S.m-1 E Ki~S·m-' 

78.61 1,000 
78.58 330 

55.93 
55.56 

78.36 150 
78.43 
78.32 200 

78.52 
78.53 
78.39 160 
78.30 50 55.65 170 
78.39 7 
78.46 15 

55.30 <10,000 
78.30 >80 
78.45 10 

:>:>.:>;' <480 
78.36 80-2000 55.31 <4.000 

78.406 5.7 55.58 84 

78.43 55.55 

0.\0 0.21 

sured data. They also report in their Table 2 the departures of 
the experimental data from the fitted curve. We regenerated 
the experimental data by subtracting the departures from the 
calculated values. We were not able to reproduce the calcu
lated values in their Table 2 by using their Eq. (5). In the only 
case where an experimental value had been reported, that at 
298 K in their Table 1, our adopted procedure reproduces the 
experimental data point, but their Eq. (5) does not. We there
fore concluded that Eq. (5) was reported incorrectly. 

Vidulich et al. 19
•
22 used a high-purity sample in a cell 

formed from three platinum electrodes painted on pyrex glass. 
Using a ratio transformer bridge, which eliminates all errors 
due to capacitance to ground, supplemented with an auxiliary 
conductance network they were able to study the frequency 
dependence of the capacitance of the cell filled with water. As 

shown in Fig. 3b, these authors found a shallow, almost unde
tectable minimum in C at about 20 kHz, with a rapid increase 
at frequencies larger than 100kHz. At frequencies less than 
20 kHz, where the electrode polarization dominates the 
behaviour of the capacitance with the frequency, the curve 
obtained by Vidulich et al. '9•

22 is rather flat; the value for 
(1 /C)(riC/(J!h o in this fre'luency nmge, /.10- 5, is one meier of 
magnitude less than the one shown by Malmberg and Mary
ott. 20 This we attribute to the low specific conductance of the 
water used by Vidulich et al. 19.22 which was a factor of ten less 
than that of Malmberg and Maryott.2o Vidulich et a/. 22 found 
that C(T'Po,f-7x ,H20) depended strongly on the conductivity 
of the water, which they associated with the variations of the 
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capacitance arising from the resistance network used in their 
circuit. The extrapolated values for different conductivities 
collapsed to a common value if an effective capacitance of 
-2.5'10-3 pF was attributed to the resistance network. 

Rusche39 used a cell similar to the one used by Vidulich 
et al. 19

•
22 and measured the dielectric constant of supercooled 

and liquid water from 268.3 K to 298.2 K. The original values 
obtained by Rusche39 were corrected by us, always by less 
than 0.08%, according to the criticism of Kay et al.49 These 
au~ors estimated the correction due to the capacitance associ
ated W!th the resistance network used by Rusche39 to balance 
the conductivity of the water. This resistance network hap
pened to be similar to that used by Vidulich and Kay19 in an 
earlier work; the correction is less than 0.08%. 

Srinivasan42 used a high-pressure version of the cell used 
by Vidulich, et al.z2 and described above. The capacitor, with 
a shrinkable sleeve attached to it and placed inside a pressure 
vessel, was connected to a ratio-transformer bridge provided 
with a resistance network. The water used was carefully puri
fied, the conductivity being only twice that of pure water. The 
frequency dependence obtained was linear between 2 kHz 
and 20 kHz. The difference between the capacitance mea
sured at 8 kHz and the value extrapolated to infinite frequency 
was never greater than 0.03%. 

Fernandez et al. 45 reported measurements of the dielectric 
constant of liquid water in the temperature range from the 
normal freezing to the normal boiling point, obtained from the 
capacitance of a cell assembled from stainless-steel concen
tric cylindrical electrodes and sapphire insulators. They used 
two different types of capacitance measurement devices; one 
of these was an automatic transformer bridge, the other an 
LCR meter. Special care was taken to purify the water; carbon 
dioxide was removed by bubbling through nitrogen gas, and, 
by means of a pump and a water purifier, a recirculating 
system was set up that maintained the conductance of the 
water in the cell within 20%, of the value for pure water at 
each temperature. The capacitance of the cell filled with water 
was corrected at each temperature and frequency by means of 
a substitution method, with an equivalent circuit formed by a 
capacitor and a resistor in parallel. 

The corrected values of the capacitance were then extrapo
lated to infinite frequency. The values obtained with the trans
former bridge above 343 K had a higher uncertainty than 
those obtained with the LCR meter, due to better reproducibil
ity and smaller corrections for this last instrument. Fernandez 
et al.45 studied the effect of the purity of the water on the 
capacitance: they found that the value extrapolated to infinite 
frequency decreases when the conductivity of the water in
creases, both at 1~ and Tb• 

Lees,33 and Dunn and Stokes,2! used frequencies above 
100 kHz. Dunn and Stokes21 used a cell assembled from two 
cylindrical platinum electrodes coated with platinum black 
and placed inside a pyrex vessel. The cell was calibrated by 
means of two independent methods. First, the vacuum capac
itance was calculated from the measured capacitance when 
the cell was filled with water at To=298.14 K, where 
E(To,Po,H20)= 78.30 was assumed, as reported by Malmberg 
and Maryott. 20 Second, the conductivity of a solution of tetra
ethyl ammonium iodide in ethanol was determined both in the 
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capacitor and in a previously calibrated conductance cell. 
From these measurements, it is possible to calculate the con
stant Ke of the capacitor when it is used as a conductance cell; 
the vacuum capacitance of the cell is then calculated with the 
relationship C(To,p=O)=eJKe, where Eo is the vacuum permit
tivity. These two methods yielded vacuum capacitance values 
that differed fractionally by less then 2.5,10-4

• The capaci
tance of the cell filled with water, when determined with a 
transformer bridge, shows no increase at frequencies up to 
520 kHz. This is inconsistent with other observations: as dis
cussed above, other authors report an increase of the capaci
tance above a certain frequency, in the range from 50 kHz to 
5 kHz. As seen in Fig. 3c, the capacitance obtained by Dunn 
and Stokes21 plotted as a function of ,-tI2 yields a straight line 
that can be easily extrapolated to infinite frequency. The ex
trapolated value was found to be independent of the conduc
tivity of water even at resistances as low as a few ohms. 

The thesis of Lees33 constitutes the first accurate work 
studying the dielectric constant of liquid water at very high 
pressure. The highest-pressure states studied, for pressures 
greater than 1 OPa, can be easily distinguished in Fig. 1 close 
to the freezing curve of ice IV; no other experimental work 
has explored this region. An ac bridge operating at frequen
cies of 10kHz, 100kHz and 1 MHz was used to measure the 
capacitance of the cell. The capacitor, inserted into a tin-foil 
bag which served as a pressure transmitter, was assembled 
from gold-plated copper cylinders and silica insulators. The 
vacuum capacitance changed by less than 0.3% after pressure 
excursions up to 1 OPa. Hysteresis phenomena were carefully 
quantified and corrections applied. Lees33 used the freezing 
pressure of mercury at 273.15 K to calibrate the pressure 
gage. The currently accepted value for this reference pres
sure50 is 1 % higher than the value used by Lees.33 Therefore, 
we have corrected the pressures listed in the original thesis by 
the ratio of the currently accepted value to that used by Lees.33 

The pressure cell was calibrated by measuring the dielectric 
constant of water at atmospheric pressure and 296.536 K with 
a variable capacitor; the reproducibility of this calibration 
was, according to Lees3

\ better than 5 parts in 10-6
• The 

capacitance observed at each frequency was corrected for 
electrode polarization, the corrections not exceeding 0.03%, 
and the dielectric constant was calculated from this corrected 
value at 10kHz, 100 kHz and 1 MHz. The final result for the 
dielectric constant of water was presented at the frequency of 
100 kHz. The results at 1 MHz, however, differed from the 
results at 100kHz by as much as 0.06%; this difference was 
independent of the conductivity of the water samples used. As 
a consequence, a low-frequency dispersion characteristic of 
water was postulated. No other expenmenters have reported 
this effect. 

4.2. Values of e(p::O.1 MPa) at To and Tb 

Table 2 lists the dielectric constant of water at 298.14 and 
373.12 K, at Po=O.101325 MPa. The values were obtained 
from the references, shown in Table 1, that provide ambient 
pressure data near To and Tb, either relative to vacuum, or to 
any substance for which the dielectric constant is well known. 
The papers by Oshrl~, Hege(~! and Dcu)44, and the thesis by 
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Lukashov47
, will be discJ.!ssed in. Sees. 5 and 6, since these 

authors were mainly interested in temperatures above Tb• 

Original data for e from Refs. 24, 26, 27, 29, 30, 32, 35 and 
40 are relative to air or other measurement relative to air. 
Since no correction was reported, we corrected these data 
according to 

(10) 

whcre't:r.air is the value relative to air and eair-1.00054.48 The 
value at 298. f, K from Ref. 27 was not included in Table 2 
since it had been taken from Ref. 26. The correction to nom
inal values of temperature is insignificant in all cases, given 
the uncertainty of the measurements. 

Table 2 is divided in two sections, according to the fre
quency range used in the experiment. In the upper part, values 
for the dielectric constant obtained mostly at frequencies 
greater than 1 MHz (Sec. 4.1.1.) are shown, while in the lower 
portion the data refer to f :::::: 1 MHz (Sec. 4.1.2.). The papers 
are listed chronologically in both cases. 

Figure 4a shows the differences with respect to the average 
of all the values of the dielectric constant at To listed in 
Table 2, as a function of the maximum frequency used, for the 
low frequency methods; or as a function of the minimum 
frequency used, tor the high frequency methods. No clear 
trend with frequency is observed in Fig. 4a. For data from 
authors who claimed accuracies better than 0.1 % (Refs. 20, 
22.33,39,42,45) the average value of the dielectric constant 
at To is 78.40. This value is lower than the mean of all the 
values listed in Table 2, 78.43. The difference of 0.03 sug
gests that the data of Refs. 24, 26, 30, and 31, which are the 
highest values listed in Table 2, could be in error; these 

references correspond to the oldest works quoted and no cor
rections were applied to the experimental results before calcu
lating E with Eq. (4) or with Eq. (5). 

Figure 4b shows the difference of the data reported in Refs. 
20,21,22,33,39,42,44, and 45, from the mean of this set, 
78.38, as a function of the conductivity of the water used to 
perform the measurement. The data considered are those ob
tained by methods in the range up to 1 MHz , with the 
exception of the data reported by Refs. 30 and 31. There 
seems to be some indication that the impurities in the water 
tend to render lower values for the dielectric constant. The 
dielectric constant reported by Malmberg and Maryott,20 and 
by Dunn and Stokes/I are the lowest values shown in Fig. 4b. 
These two groups of experimenters obtained the same value 
at To, with similar corrections due w electrode polarization. 
The values of capacitance extrapolated to infinite frequency 
as obtained by Malmberg and Maryott,20 and by Dunn and 
Stokes,21 differed by O.09~ and 0.15%, respectively, from the 
capacitances observed at 10kHz. Vidulich et al. 19

.
22

, Srini
vasan,42 and Fernandez et ai., 4S due in part to the higher purity 
of the water used. found that the capacitance changed very 
little as a function of the reciprocal frequency for the major 

part of the frequency range; the difference between the extrap
olated value and the capacitance at 1O kHz was in these cases 
less than 0.01~. 

If the values obtained by Malmberg and Maryott 20 and 
Dunn and Stokes~1 are disregarded, in addition to those of 
Refs. 24, 26. 30 and 31, the avcrage obtained from Refs. 7, 22, 

23, 33, 36, 39, 42, 44 and 45 is 78.40. This value also agrees 
with the average of the data with claimed uncertainties less 
than 0.1 %. One standard deviation for the average of these 
data equals 0.05. We propose E-78.40±0.0l as the best esti
mate at To. with the uncertainty representing two standard 
deviations of the data with the highest water purity, those of 
Fernandez et al.45 
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FIG. 4. Comparison of experimental data for the dielectric constant of water 
at 298.15 K and ambient pressure. (a) as a function of frequency used; 

(b) as a function of specific conductivity of the water for low-fre
quency experiments (See Table 2). 

At Tb the data shown in Table 2 present a higher standard 
deviation of the mean as compared with the one obtained from 
the data at To. The value obtained by Wyman and Ingalls27 is 
the highest shown; this value is relative to the v~llle ()ht~inecl 

by Wyman26 at To , which was found to be high according to 
the discussion above. Oshry28 was interested in the saturated 
liquid phase and his thesis will be discussed in Sec. 5. The 
result at Tb shown for Oshry2S was calculated from an analysis 
provided by him. The values of Heger41 and of Deul44 are the 
!O\\,cst observed. In both cases the conductivity of the water 
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TABLE 3. Temperature dependence of the dielectric constant of water at Po-o.101325 MPa 

Authors Ref. -(aElaT)p/K- 1 

298.14 K 373.12 K 

AkerlOf 29 0.368 0.262 
Albright 30 0.369 
Wyman and Ingalls 27 0.360 0.257 
Albright and Gosting 32 0.366 
Oshry 28 0.245 
Lees 33 0.360 
Harris, et al. 35 0.361 
Milner 36 0.358 
Grant, et al. 23 0.369 
Malmberg and Maryott 20 0.356 0.254 
RII~('h~ 39 0_357 

Vidulich, et al. 22 0.360 
Dunn and Stokes 21 0.356 
Lukashov 47 0.264 
Fernandez, el al. 45 0.359 0.258 

average 0.361 0.257 
standard deviation 0.005 0.007 

0.004 "Lees ... Heger 
o Milner & Cogan 6. Srinivasan "* Malmberg & Maryott • Lukashov 
... Vidulich, et al. ODeul 
• Dunn & Stokes o Fernandez, et al. 

0.002 0 

* tJ* 6. 

~ ~ 
... 
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0 .. *+ 0 

~*:* -0.002 '* 0 
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• 
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FIG. 5. Comparison of experimental data for the dielectric constant of water at ambient pressure between 273.15 K and 373.15 K. 
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used was at least fifty times the value reported for pure water, 
76.5J..LS·m~I, and no frequency correction was applied. The 
measurements of Heger41 and of Lukashov47 were mainly 
devoted to the high temperature region, while Deul44 was 
interested in the dielectric constant of mixtures of benzene 
and water at high temperatures. These three works will be 
discussed in more detail in Sees. 5 and 6. The value of 
E==55.65 reported at Tb by Malmberg and Maryott20 lies above 
the average, uppusite Lo the tn:11l1 [UUIlIJ at To. We propuse 

E=55.56±0.06 as the best value at Tb; this corresponds to the 
mean obtained from Refs. 28, 45 and 47. The uncertainty is 
again that of Ref. 45. 

4.3. Temperature Dependence at 
Atmospheric Pressure 

Table 3 shows values of -(fJElfJT)po' at To and Tb• The only 
data sets considered were those with more than five points. 
The data in each set were represented by a third-order polyno
mial in temperature, from which derivatives were calculated 
at nominal temperatures within the experimental range. 

The data obtained by Akerl6f,29 and by AlbrigheO at To. are 
2.5% higher than the average. The data from Refs. 22, 27. 33, 
35, 36, and 45 at To are in close agreement, with an average 
of 0.360 K- 1 and a standard deviation less than 0.3%. The 
data obtained by Malmberg and MaryoteO, and by Dunn and 
Stokes21 at To are the lowest shown; they are 1.4% less than 
the average. At Tb, the value obtained from the analysis of 
Oshry28 is 5% below the average. The data from Refs. 20, 27, 
29,45 and 47 provide an average of 0.259 K~I, with a stan
dard deviation of 1.5%. 

Figure 5 shows the residuals obtained when the E data 
between Tf and Tb of Refs. 22, 28, 33, 36, 38, 42, 45, and 47 
are fitted with a third order polynomial in T. Only the data of 
higher accuracy above 343 K of Ref. 45, those obtained with 
the LCR meter, were considered in the fit. The point at 
308.15 K, that of Cogan3

!!, is a result obtained with a cell of 
lower quality factor and was not included in the fit. The data 

of Malmberg and Maryott20 and of Dunn and Stokes21 deviate 
systematically from the empirical expression . 

4.4. Pressure Dependence Between the Normal 
Freezing and Boiling Points 

Table 4 presents a comparison of the values of the pressure 
deri vati ve (aEl a P)T obtained from the different se ts of data. 
Each experimental isothenn. with the exception of those ob
tained by Lees/' was fitted by means of a third-degree poly
nomial in the pressure, and the derivatives were calculated at 

nominal temperatures and pressures. No significant error was 
introduced by neglecting the difference between the experi
mental and nominal temperature. A fourth-degree polynomial 
m the pressure was necessary in order to tit the Isotherms 
obtained by Lees,33 with a pressure range of over I GPa. 

Figure 6 represents the comparison for some of the 
isothenns. In Fig. 6a. the residuals of E at To for the data of 
Refs. 21, 36, 38, 42 and 44 are represented as a function of 
pressure; a third-order polynomial in pressure was fitted to 

the data of Milner:'6 Srinivasan.l.2 and Deul4.l., with equal 
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weights assigned to each set. The results obtained by Cogan38 

with the same method as Milner's,36 but with a second cell of 
lower quality factor, are 0.15% lower than the average. The 
results from Dunn and Stokes21 are also low, by the same 
amount as the results at ambient pressure, that are compared 
in Fig. 5. The agreement in (dEidp h at To is better than 3% in 
the low-pressure range and deteriorates above 150 MPa; at 
200 MPa, the pressure derivatives obtained from the data of 
Srinivasan42 and Deul44 differ by up to 9%. Figure 6b com
pares the data obtained by Lees33 and by Milner6 at Tr• The 
values of e agree within 0.05%, and the pressure derivatives 
at 50 MPa differ by less than 0.2%. At 283.15 K, the compari
son shown in Fig. 6c, which is based on a fit to the data from 
Lees33 and· from Milner6 is similar to that at To, shown in 
Fig. 6a: the data obtained by Lees33 and by Milner6

, agree 
within 0.05%; the data from Dunn and Stokes21 are about 
0.2% lower than the average; and the data from Srinivasan42 

agree very 'Well with the average in the lower pressure range, 
but deviate systematically at pressures larger than 100 MPa. 
At 200 MPa and 283.15 K, the value for (aEiap)y obtained 
from the data ot Srinivasan"z is 6% lower than that the value 
obtained from the data of Lees.33 Figures 6d, 6e and 6f show 
systematic deviations with respect to the average for the data 
obtained by Scaife37 at 293.14 K and by Schadow and 
Steiner40 at 293.14 K, 303.13 K and 318.13 K. The agreement 
between the data from Lees33 and Milner6 at 293.14 K, ob
tained by Lees33 and Cogan38 at 303.13 K, and by Cogan38 and 
Dunn and Stokes21 at 318.13 K, is as good as the best obtained 
for this region, within 0.05%. At 338.12 K, the data from 
Dunn and Stokes2t and Cogan38 are compared in Fig. 6g; the 
dielectric constant values obtained by Dunn and Stokes21 are 
about 0.2% higher than the values obtained by Cogan'3; the 
pressure derivatives at 50 MPa agree to better than 1 %. Fi
nally, Fig. 6h shows the comparison at 373.12 K, where only 
two sets of data are available: those of Heger4t and Deul.44 

The dielectric constant data agree better than 1 %; the pressure 
derivatives differ by 15% at the lower pressures, although the 
agreement improves at pressures greater than 150 MPa. 

5. Region B: Saturation Line 

Table 5 summarizes the results of five experiments per
formed along the phase boundary. The file names identified 
with an asterisk represent the most consistent data. 

Following the method proposed by Wyman,26 Oshry2S mea-

sured the resonance frequency of four platinum resonators 
immersed in liquid water close to saturation, from the boiling 
to the critical point. The resonators were placed inside a 
stainless steel pressure vessel and the resonance frequency 
was measured by comparison with a vacuum tube oscillator. 
The resonance frequencies in air ranged between 430 MHz 
and 840 MHz, and changed by only 0.4% in the whole tem
perature range of 373 K to 654 K; no correction for pressure 
was considered. Corrosion of the steel was observed when the 
cell was filled with water, although no difference in the reso
nance frequency WQS found for fresh samples of water as 
compared to samples used repeatedly. The values for the 
dielectric constant were obtained using Eq. (5). Oshry pre
sented 123 experimental points, seven of which are at super
critical temperatures. At subcntlcaL temperatures, the pressure 
was maintained slightly above the saturation pressure, and it 
was measured with an accuracy of 0.004 MPa. Unfortunately, 
those pressure values were not given, and neither was the 
source for the saturation values. Using the data obtained by 
Wyman and Ingalls,27 Oshry determined a five-parameter 
temperature dependent function that follows the variation of 
the dielectric constant between 273 K and 640 K, with a value 
of 9.05 predicted for the critical point. Above 600 K, how
ever, the scatter from this function was about 11 %. 

Fogo et al.54 measured the dielectric constant of water 
along several isochores in the critical region, see Fig. 1, nght 
above the dome of the coexistence curve. These data will be 
presented in the next section, according to the partition out
lined in Sec. 2.1. We estimate. based on the values reported 
by Fogo et ai., that the value E at the critical point equals 5.4. 

The remaining studies represented in Table 5 were carried 
out in the fonner Union of Soviet Socialist Republics. At the 

TABLE 5. Region B 

Ref. File Name T!K Phase MethodJ(fIMHz) 

28 B490shr* 372-654 liquid R(58-113) 
51 R75Svi<; 529-641 vapor f:R(O.02) 
47 R8lLuka* 37),,:,643 liquid CB(O.O I 5-0.02) 
47 B81Luka 423-643 vapor CB(O.O I 5-0.02) 
52 B88Much 473-633 vapor CB(0.05) 
53 B94Mule* 510--614 vapor CB(0.05-O.1 ) 

JR-resonator; CBZ'capacitance bridge. 
"between parentheses is the number of points for the corrected data file. 
'scatter of the points. 
Jthe vacuum capacitance was calculated from the di~ensions of the capacitor. 
"as given by the author(s). 
*set recommended for use in data correlations. 

Reference No. of Data" Uncertaint/l% 

vacuum 123(116l I_lOr 

vacuumd 39 2 
vacuumd 10 0.8 

vacuumJ [9( [8) 0.8 
vacuumJ 7 0.7 
vacuumd 25 0.15 
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Rostov Civil Engineering Institute, Lukashov47 investigated 
the static dielectric constant of water at temperatures up to 
873 K, using a platinum capacitor with a guard ring inside a 
platinum-lined autoclave. lIe perfoffiled measurements along 

the saturation line, for both liquid water and steam, and in the 
one-phase region. The data published in his Doctoral disserta
tion superseded earlier results published in Teploenergetika.55 

A later publication in the same journal, Ref. 56, presents a 
correlation of the data obtained in his thesis. Lukashov and 
Shcherbakov56 provided an estimate for the dielectric constant 
at the c~itical p.oint of 5.38, which is in good agreement with 
the value obtained from the data of Fogo et al.54 Pressure and 
temperature were the experimental variables; the densities 
were calculated in an unspecified fashion, on the basis of the 
(P,Vm,T) data of Rivkin.57 The pressures were not given, only 
temperature and density were reported. In the corrected data
base, we list the densities as reported in the doctoral disserta
tion of Lukashov47

• Because the data appeared to have been 
taken at integer temperature values on the Celsius scale, we 
added .15 K to the absolute temperatures appearing in the 
thesis, although these were mostly reported without decimals. 
The change in E due to this change in temperature, of 0.15 K, 
is insignificant when we consider the experimental uncer
tainty of e and the value of (deJdT)p obtained from the 
smoothed data reported by Archer and Wang.s 

The three other experiments listed in Table 5, carried out at 
the vapor (steam) side of the coexistence curve, were per
formed at the Moscow Power Institute. The data of Svis
tunov51 were published in the Doctor's dissertation of Gol
ubev,58 and, in graphical form only, in Teploenergetika.59 The 
data of Muchailov52 and Mulev53 were published in their re
spective Candidate's Dissertations. The data previously ob
tained by Svistunov60 and other data61 published in graphical 

form were not considered for the present database. 
Svistunov51 used a paralleU.,plate capacitor with a guard 

ring. This permitted him to calculate the vacuum capacitance 
from geometrical dimenSions, assuming that the guard ring 
was perfect (which is seldom the case). Muchailov52 and 
Mulev53 used stainless-steel cylindrical capacitors with a 
guard ring and ceramic insulators. The vacuum capacitance 
was obtained by calibration with liquids of known dielectric 
constant, and from the dimensions of the cells. 

In Fig. 7 we compare the values reported along the satura
tion curve. For both saturated gas and liquid, we found that 
the data can be conveniently represented as a function of the 
scaled variable piT. The data for steam were fitted to a 
second-degree polynomial in pIT with the constraint E=l for 
prr=u. r'lgure 'la shows the reSiduals trom the tit tor steam. In 
general, the data agree within 3%. The scatter for the data of 
Mulev,s'} however, is less than 0.5%. The data of Muchailov52 

seem to deviate systematically from the average at the higher 
densities. For the liquid phase, shown in Fig. 7b, five coeffi
cients were used to fit the data of Oshry2X and Lukashov.47 The 
agreement is better than 1 % for the higher densities. The 
scatter for both sets of data, however, increases rapidly in the 
critical region. 
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6. Region C: 
One-Phase Region Above 373.15 K 

Table 6 shows the data sets for the one-phase region be
tween 473 K and 873 K. The densities investigated range 
from 50 kg'm- 3 to 1056 kg'm-), and the pressures go up to 
S73 MPa. Only low-trequency methods have been employed 
in this region, in which the capacitance cell must withstand 
extreme conditions. The file names in Table 6 identified with 
an asterisk represent the most consistent data. 

Fogo et ai.54 were the first experimenters concerned with 
the dielectric constant of supercritical water in connection 
with the conductivity of sodium chloride in steam. They used 
a resistive ratio-arms bridge operated at frequencies below 
8 kHz, previously set up for resistance measurements. The 
capacitance cell was made out of platinum-iridium cylindrical 
electrodes with sapphire insulators. Fogo et al. 54 considered 
the frequency dependence of the capacitance cell filled with 
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steam, although they did not report the conductivity. They 
also studied the lead capacitance, which they found tempera
ture and frequency dependent. Figure 8 shows eight of the 
nine isochores reported by Fogo et al. S4 in the critical region. 
Also presented smoothed data for nominal temperatures and 
densities; the root-me an-square deviation of the smoothed 
poin~ from the curve that fit the points is about 2%, which is 
the value for the experimental uncertainty listed in Table 6. 

The dielectric constant and specific conductivity of water 
were measured by Gier and Young62 at 10 kHz with a plat
inum-sapphire cell. The conductivities reported are up to 
about three times the value obtained from other measure
ments. 16 Gier and Y oung62 fit the four isotherms as a function 
of pressure. finding average residuals between 3% and 10%, 
depending on the isotherm. As can be seen in Figs .. 9a and 9b, 
the data by Gier and Y oungOl deviate systematically from 
other measurements41.44 along the same isotherm. In Fig. 9, all 
the data were fitted with a fourth-order polynomial in the 
density. while equal weights were used. 
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FIG. 8. The dielectric constant of water obtained by Fogo et al. 54 in the critical 
region. p in kg·m-·': (0) 213.6; (D) 229.0; (.6.) 261.3; (\7) 286.5; (0) 
300.8; ('Cl) 334.3; (+) 344.3; (X) 402.0. 

Heger4t studied the one-phase region from dilute steam to 
liquid-like densities and temperatures up to 823 K. The cell 
used by Heger41 consisted of two coaxial half cylinders made 
of silver and gold-palladium alloy, with alumina insulators; 
the electrodes could be rotated in order to study the effect of 
the lead capacities. The capacitance of the cell filled with 
water was measured at 100kHz with a ratio-transformer 
bridge for two positions of the electrodes, and the lead capac
itance could be eliminated by this procedure. The conduc
tance was measured simultaneously with the capacitance and 
used, together with the inductance of the capacitor plus leads, 
to correct the measured capacitance. The water in the cell was 
renewed each time the conductivity rose above 10 mS·m-1. 
The uncertainty claimed by Heger41 was about ±O.3%, and 
about ±2% at the critical point. For the 673.K isotherm, 
however, the Heger .. 1 and Deul44 data difter by up to 6%. in 
Figure 9, the data of Heger41 are compared with other data 
along four isotherms. 

GOlubev58 made measurements at densities up to 
200 kg'm-3 in the one-phase region at temperatures between 
693 K and 783 K. A stainless-steel cell with ceramic insula
tors together with a ratio transformer bridge at 20 kHz were 
used to measure the capacitance of the cell filled with water. 
The vacuum capacitance was obtained from the dimensions of 
the cell and from measurements with other liquids of known 
E. It is not possible to compare directly the data obtained by 
Golubev58 with values reported by others since they were not 
taken at the same temperatures. Figure 10 shows the residuals 
obtained when the data reported by Goluhevs8 are fitted with 
a third-degree polynomial in the density. 

The papers by Lukashov47.s5 were introduced in Sec. 5. 
Lukashov47 measured extensively the dielectric constant in 
the one-phase region, in addition to measurements along the 
phase boundary, for steam and for the liquid phase. The con
ductivity of the water used, 470 j.LS·m- 1 at T = 524 K and 
close to the phase boundary, is about 50% higher than the 
lowest value currently accepted 16 for pure water. This is 
probably the best conductivity attained in this region for mea
surement of the dielectric constant of water. 

Deul44 measured the dielectric constant of pure water and 
the dielectric constant and density of water-benzene mixtures. 
He used a cell constructed from a nickel-copper-silver alloy 

T,"BLE 6. Region C 

Ref. File Name TIK 

54 C54Fol;O* 637-669 
62 C63Gier 473-623 
41 C69Hege* 473-823 
55 C75Luka 673....,g73 

58 C78Golu* 693-783 
47 C8lLuka* 621-873 
44 C84Deui* 473-673 

'CB-capacitance bridge; LCR- impedance meter. 
"scatter of the data for the different isotherms. 
'for a detailed error assigment see Ref. 63. 

plkg'm- J 

214-503 
575-951 
79-1056 

80-400 
32-199 
50-900 
498-1000 

Jvacuum capacitance calculated from the dimensions of the cell. 
<as given by the author(s). 

*data recommended for use in data correlations. 

Method'(flkHz) Reference No. of Data Uncertaintye/% 

CB(O.4-8) vacuum 33 2 
CB(IO) unspecified 22 3-10" 
CB(loo) vacuum 104 O.3-18c 

C8CI-20) vacuumd 23 
C8(20) vacuumJ 57 2 
CBCI5-20) vacuum" 71 0.8 
LCR( I 0-1 (00) vacuum 89 0.24-1 
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FIG. 9. Comparison of experimental data for the dielectric constant of water 
for isotherms between 473 K and 773 K. and densities up to 
1060 kg·m-'. Tin K: (a) 473: (b) 573: (c) 673: Cd) 773. 
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and an '.eR meter operating at a frequency of 10 kKz. 
100kHz and 1 MHz. The conductivity of the water in the cell 
was, at most, 9 J,LS'm-1 

Figure 9 shows the comparison of the data obtained by Gier 
and Young,"" Heger,.!.' Luka:shuv,.!.75'i anu Deul..i.i TIlt:; agree-

ment deteriorates with increase of the temperature, especially 
at low densities. Apart from the data by Gier and Y oung,62 the 
agreefn~nt at 473 K and 573 K is better than 2% and 3%, 
respectively. At.673 K the data by Heger41 agree with the data 
of Lukashov47 ·within 5% at densities greater than 500 

kg·m-3
, while the data of Deul44 are 8% lower than those of 

Heger and Lukashov at 600 kg·m-3
• The values for 

(aelap)r-673K calculated from the data of Heger41 and Deul44 at 
800 kg'm-3 differ by 16%. At 773 K the data of Heger41 and 
Lukashov47 agree within 5%, deteriorating at the lower densi
ties; the older data by Lukashov,ss below 300 kg'm-3

, appear 
to be systematically low. 

7. Region 0: Supercooled Water 

An important concern in the experimentation with super
cooled water is the avoidance of crystallization. Bulk samples 
can be supercooled a few degrees below the nonnal freezing 
point at 273.15 K. A capacitance cell with an estimated vol
ume of several cubic centimeters was used by Rusche39 to 
measure the dielectric contant of water down to temperatures 
of 268 K. The degree of supercooling can be increased by 
reducing the size of the sample, as in capillary tubes or small 
parallel-plate capacitors; this was the method followed by 
Bertolini et al.,43 who measured in the supercooled liquid at 
ambient pressure down to 256.9 K. Water emulsions can be 
easily cooled well below those temperatures where bulk water 
freezes spontaneously. Hasted and Shahidi,64 and Hodge and 
Angell65 estimated the dielectric constant of water down to 
238.16 K using an emulsion in a non-polar medium. The four 
experiments mentioned above reporting dielectric constant 
data for.supercooled water at ambient pressure are summa
rized in Table 7. The file names identified with an asterisk 
represent the most consistent data. 

Rusche39 used a capacitance cell made of coaxial platinum
gold electrodes, similar to the one used by Vidulich et al. 19

•
22

• 

The frequency dependence of the capacitor filled with a very 
pure sample was studied between 0.5 kHz and 20 kHz with a 
transformer bridge. The experimental capacitances were ex 

trapolated to infinite frequency to obtain the dielectric con-

stant of water: the difference between the experimental va1ue 
of the capacitance at 10 kHz and the extrapolated value at 
!_oo was 0.04% for the example shown at room temperature. 
Some aspects of the data obtained by Rusche39 above 
273.15 K were c.1ilSculS:sed in Sc:::c. 4.1.2; the dat(1 in the :super
cooled regime were corrected in the same fashion as described 
in Sec. 4.1.2. 

Hasted and Shahidi64 studied the static dielectric constant 
of emulsions of water in n-hexane, with polyoxyethylene 
sorbitan triesterate as surfactant agent. The dielectric constant 
measured for the emulsion Em was related to the dielectric 
constants of pure water E\ and n -hexane E2 through the 
equation, 

El E2 "'" v---
2E2 + EJ 

(11) 

where v is a parameter associated with the volume fraction of 
water. The value for v was obtained from the data of Malm
berg and Maryott20 between 273.15 K and 293.14 K and from 
the measured values for the dielectric constant of pure hexane, 
E2, and of the emulsion, Em, in the same temperature range. 
This value of v which agrees within 1 % with the volumetri
cally-detennined value, was then used to calculate the dielec
tric constant of water EI in the supercooled region. Two vol
ume fractions of water were used, 0.5% and 1 %. The values 
for the dielectric constant of supercooled water obtained for 
the 1 % water emulsion are lower than the values obtained 
with 0.5% water emulsion. The agreement between the two 
sets of data is better than the uncertainty of 2% estimated by 
the authors. 

Hodge and Ange1l65 studied the relaxation time attributed 
to the interfacial polarization of water droplets emulsified in 
a solution of n -heptane and carbon tetrachloride. The volume 
fraction of water was 30% and sorbitan triesterate was used as 

emulsifying agent. The description of the polarization at the 
interface by the Maxwell-Wagner theory is hampered by the 
fact that the interface includes this polar molecule in an appre
ciable concentration. According to this theory, the relaxation 
time is simply proportional to the product of the real penn it
tivity and dielectric loss (or inverse conductivity). Hodge and 
Ange1l65 developed a data analysis based on the Maxwell
Wagner theory by which they were able to estimate values for 
the static dielectric constant and conductivity for the super
cooled droplets. The dielectric constant data obtained agree 
within 2% with the extrapolation of the data of Malmberg and 
Maryott20 or Vidulich et al.Y The value of conductivity 

TABLE 7. RegIon D 

'CB=capacitance bridge: :--vtL=Maxwell-Lewin dielectric mixture; RC~resonance circuit; MW-Maxwell-Wagner interfacial polarizalion. 
"scalier of the points. 
'as given by the author(s). 
*data recommended for use in data correlations. 
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obtained at 273.15 K, however, was more than three orders 
of magnitude larger than that of pure water16 at the same 
temperature. 

Bertolini et al. 43 studied the complex permittivity of water 
in capillary tubes at 9.61 GHz, with a resonance cavity tech
nique. They also measured in a different experiment the static 
dielectric constant of supercooled water at 27.5 MHz with a 
4 mm3 parallel-plate capacitor in a resonant circuit. The cali
bration of the method was accomplished by measuring the 
res~ance frequency of the capacitor in vacuum and filled 
with \vater, between 273.15 K and 313 K; the constants of the 
resonant circ~it were then obtained using the data of Malm
berg and Maryott20 in the same temperature range. The values 
obtained for the static dielectric constant of supercooled water 
in this way were fitted, together with unspecified data from 
the literature. The values reported were interpolated from this 
fit, with a residual standard deviation of less than 1 %. 

Figure 11 shows the residual deviations obtained when all 
the supercooled data are fitted with a fourth-order polyno
mial in the temperature. The data of Hasted and Shahidi64 fall 
about 2% above the other data. On the other hand, the data of 
Rusehe,39 Hodge and Angell,65 and Bertolini, et al43 seem to 
have a consistent slope. The data reported by Bertolini et al.43 

are lower than the other data at the same temperature. The 
difference is in part explained by the calibration Bertolini 
et al. 43 selected, using the data of Malmberg and MaryotfO as 
a reference. Close to Tr, the data of Malmberg and Maryott20 

are 0.2% lower than the average, as can be inferred in Fig. 5. 

0.010 "* *: "* "* "* 0.004 o Rusche 
w "* Hasted & Shahidi ........ 

l:l. Hodge & Angell / ~ 0.000 <> Bertolini, at al. l:l. 

0 
l:l. W <> I l:l. 

<> <> <> w -0.004 - l:l. <> t::. 
<> -0.008 

-0.012 
t::. 

240 250 260 270 
TIK 

FIG. II. Comparison of experimental data for the dielectric constant of super
cooled water. 

8. Conclusions 

In this paper, the entire original database for the static 
dielectric constant of water and steam has, for the first time, 

been entered into the archival literature, and made available 
on diskette. In addition, the data have been evaluated, cor
rected when necessary, and transfonned to the ITS-90 tem
perature scale. In the process, many discrepancies between 
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data sources have been noted, and some of these have been 
understood by new measurements, the results of which are 
included in the present work. 

The major uncertainties in the dielectric constant of water 
occur in the supercritical regime. There are few data sources 
in this region, and discrepancies of up to 10% have been 
noted, especially in the highly compressible region at densi
ties below 500 kg'm-3, a region of considerable practical 
importance. In this latter regime, however, the static permit
tivity is no larger than 10, and electrolytic contamination 
should not be important. The intrinsic conductivity of the 
fluid, moreover, is below 60 /-LS'm -1, no greater than that of 
liquid water at the boiling point, where the uncertainty of the 
measured dielectric constant is only 0.3%. 

For these reasons, it is not likely that losses due to the 
conductivity of water playa major role in explaining the 10% 
discrepancies in the supercritical regime at low and intermedi
ate densities. 

It would be interesting, to further investigate this region 
with low- or high-frequency methods, in order to resolve 
these discrepancies. 

We arc in the process of preparing a new formulation of the 
dielectric constant of water .and steam on the basis of the 
corrected data presented here, and making use of a formula
tion of the equation of state of water based on ITS-90. 
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11. Appendix Region A: liquid water between 273.15 K and 373.12 K - Continued 

Originial and Corrected Static Dielectric Constant 
Data A38Wyma.at P-Po Ref. 27 

for Water and Steam 
TIK E(Orig.) TITS-90/K e(corr.) 

KeglOn A: liqUId water between 2/J.1.::l K and 3/3.12 K 2/3.1) lSlS.l) 2"1:3.I)U lSl:!.:W 

283.15 84.15 283.144 84.20 

A30Drak.at P-Po Ref. 24 293.15 80.36 293.138 80.40 
298.15 78.54 298.135 78.58 

TIK e(orig.) T ITS-90/K e(corr.) 303.15 76.76 303.133 76.80 
313.15 73.35 313.130 73.39 

298.15 78.57 298.135 78.61 323.15 70.10 323.127 70.14 
333.15 67.00 333.124 67.04 
343.15 64.05 343.124 64.09 

A30Wymaat P-Po Ref. 26 353.15 61.22 353.123 61.25 
363.15 58.51 363.124 58.54 

TIK e(orig.) TITS-90/K E(corr.) 373.15 55.90 373.124 55.93 

294.25 79.99 294.237 80.03 
310.05 74.65 310.031 74.69 A39Tyss.at p-po Ref. 31 

311.35 74.06 311.330 74.10 
298.15 78.49 298.135 78.53 TIK e(orig.) TITS-90/K 
294.45 79.75 294.437 79.79 

293.15 80.29 293.137 80.33 293.29 80.27 293.278 

291.55 84.80 293.29 80.21 293.278 
293.29 80.24 293.278 
293.29 80.24 293.278 

A32Aker.at P-Po Ref. 29 293.29 80.32 293.278 
293.29 80.23 293.278 

TIK e(orig.) TITS-90/K e(corr.) 293.29 80.30 293.278 
298.03 78.60 298.016 

283.15 84.20 283.148 84.25 298.03 78.47 298.016 

293.15 80.37 293.138 80041 298.06 78.51 298.046 

298.15 78.54 298.135 78.58 298.04 78049 298.026 

303.15 76.73 303: 133 76.77 298.04 78.60 298.026 

313.15 73.12 313.130 73.16 298.04 78.50 298.026 

323.15 69.85 323.127 69.89 298.07 78.55 298.056 

333.15 66.62 333.124 66.66 
343.15 63.50 343.124 63.53 
353.15 60.60 353.123 60.63 A46Albr.at P-Po Ref. 32 

363.15 57.80 363.124 57.83 
373.15 55.10 373.124 55.13 TlK e(orig.) TITS-90fK e(corr.) 

278.15 86.10 278.147 86.15 

A37Albr.at P"'Po Ref .. 30 288.15 82.\9 288.140 82.23 
298.15 78.48 298.135 78.52 

TiK e(orig.) T ITS-90/K e(corr.) 308.15 74.94 308.132 74.98 
318.15 71.50 318.128 71.54 

291.15 81.13 291.139 81.17 328.15 68.13 328.126 68.17 

298.15 78.48 298.135 78.52 
301.15 77.41 301.134 77.45 
323.15 69.95 323.127 69.99 

J. Phy~. Ct1t~rn. Ref. 0(1 la, Vol. 24, No.1, 1995 
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Region A: liquid water between 273.15 K and 373.12 K - Continued 

A49Lees Ref. 33 

T/K p(orig.)/MPa E(Orig.) TITS-90/K p(corr.)! 

MPa 

296.55 0.1013 78.969 296.536 0.1013 
273.15 0.0981 87.915 273.150 0.0981 
273.15 19.61 88.718 273.150 19.81 
273.15 98.07 91.778 273.150 99.09 
273.15 196.13 95.278 273.150 198.17 
273.15 294.20 98.518 273.150 297.26 
273.15 392.27 101.565 273.150 396.35 
273.15 588.40 107.262 273.150 594.53 
283.15 0.0981 83.978 283.144 0.0981 
283.15 19.61 84.745 283.144 19.81 
283.15 98.07 87.650 283.144 99.09 
283.15 196.13 90.969 283.144 198.17 
283.15 392.27 96.919 283.144 396.35 
283.15 490.33 99.661 283.144 490.33 
283.15 588.40 102.300 283.144 594.53 

283.15 735.50 106.076 283.144 743.16 
293.15 0.0981 80.217 293.138 0.0981 
293.15 19.61 80.958 293.138 19.81 
293.15 98.07 83.740 293.138 99.09 
293.15 /96.13 86.901 293.138 198.17 
293.15 294.20 89.828 293.138 297.26 
293.15 588.40 97.671 293.138 594.53 
293.15 862.99 104.211 293.138 871.97 
303.15 0.0981 76.613 303.133 0.0981 
303.15 19.61 77.324 303.133 19.81 
303.15 98.07 80.001 303.133 99.09 
303.15 196.13 83.039 303.133 198.17 
303.15 294.20 85)132 303.133 297.26 

303.15 588.40 93.308 303.133 594.53 
303.15 980.67 101.925 303.133 990.88 
303.15 1029.70 103.046 303.133 1040.42 
323.15 0.0981 69.929 323.127 0.0981 
323.15 19.61 70.607 323.127 19.81 
323.15 98.07 73.136 323.127 99.09 
323.15 196.13 75.972 323.127 198.17 
323.15 294.20 78.571 323.127 297.26 
323.15 588.40 85.417 323.127 594.53 
323.15 1176.80 96.992 323.127 1189.05 

A53Harri Ref. 34 

TIK plMPa e(orig.) T ITS-90IK 

298.75 0.1013 78.34 298.735 
298.75 7.822 78.66 298.735 
298.75 12.889 78.78 298.735 
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Region A: liquid water between 273.l5 K and 373.l2 K - Continued 

A53Harr2 Ref. 35 

TIK plMPa e(orig.) TITS-90/K e(corr.) 

287.65 0.1013 82.39 287.640 82.43 
287.65 7.447 82.73 287.640 82.78 
287.65 12.200 82.89 287.640 82.94 
287.65 14.611 83.00 287.640 83.05 
298.75 0.1013 78.31 298.735 78.35 
298.75 7.822 78.63 298.735 78.67 
298.75 12.889 78.75 298.735 78.79 
309.05 0.1013 74.68 309.031 74.72 
309.05 4.479 ·'4.19 309.031 74.83 

309.05 8.511 74.85 309.031 74.89 
309.05 10.852 74.93 309.031 74.97 
320.65 0.1013 70.92 320.628 70.96 
320.65 5.137 70.95 320.628 70.99 
320.65 10.102 71.01 320.628 71.05 
320.65 14.885 71.05 320.628 1[.09 
320.65 19.059 71.08 320.628 71.12 
333.85 0.1013 66.99 333.824 67.03 
333.~:5 9.616 157.05 333.825 67.00 

333.85 13.750 67.05 333.825 67.09 
333.85 17.701 67.05 333.825 67.09 
347.65 3.759 63.37 347.624 63.40 
347.65 7.346 63.33 347.624 63.36 
347.65 10.892 63.60 347.624 63.63 
341.65 14.094 63.60 347.624 63.63 

A53Miln RcC. 3<1 

TIK plMPa f/MHz TITS-90/K e(corr.) 

273.160 0.1013 S1.l165 213.160 87.922 
273.155 10.141 51.0633 213.155 88.312 
273.155 20.217 50.9531 273.155 88.694 
273.169 30.297 50.8455 273.169 %9.010 
273.162 40.350 50.7326 273.162 89.461 
273.162 50.414 50.6154 273.16:2 &9.ggl 

273.154 60.4&1 50.5049 273.154 90.275 
273.162 70.598 50.4050 213.162 90.633 
273.162 80.650 50.2978 213.162 91.020 
273.161 90.788 50.1750 273.161 91.466 
273.162 100.921 50.0761 273.162 91.820 
278.150 0.1013 51.7684 278.147 85.923 
278.150 10.141 51.6531 278.147 86.307 
278.147 20.217 51.5436 278.144 86.674 
278.157 30.297 51.4236 278.154 87.079 
278.158 40.350 51.3134 278.\55 87.453 
278.158 50.414 51.2034 278.155 87.829 
278.159 60.4&1 51.0939 278.156 88.206 
27&.145 70.598 50.9844 278.142 88.585 
278.150 80.650 50.8734 218.147 ~8.972 

278.151 90.788 50.7829 218.14S 89.290 
278.15\ 100.921 50.6830 278.14S 89.642 
283.150 0.1013 52.3786 283.144 83.933 
283.146 10.141 52.2540 283.140 84.334 
283.146 20.2 [7 52.1334 283.140 84.725 
283.150 30.297 52.0208 283.142 85.092 
283.146 40.350 51.8985 283.140 85.493 
283.148 50.414 51.7890 283.142 85.855 
283.148 60.481 51.6807 283.142 86.2[3 

283.146 70.598 51.5657 283.140 86.600 
283.150 80.650 51.4575 283.\44 86.964 
283.148 90.788 51.3530 283.142 87.319 

283.148 [00.92[ 51.2523 283.142 87.662 
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Region A: liquid water between 273.15 K and 373. t 2 K - Continued 

A55Miln Ref. 36 Continued 

TIK plMPa f/MHz TITS-9O/K e(colT.) 

288.141 0.1013 52.9793 288.131 82.041 
288.148 10.141 52.8497 288.138 82.444 
288.141 20.217 52.7284 288.131 82.824 
288.142 30.297 52.6121 288.132 83.190 
288.141 40.350 52.4991 288.131 83.549 
288.141 50.414 52.3828 288.131 83.920 
288.142 60.481 52.2749 288.132 84.267 
288.141 70.598 52.1552 288.131 84.654 
288.141 80.650 52.0539 288.131 84.984 
288.141 90.788 51.9427 288.131 85.348 
288.141 100.921 51.8431 288.131 85.676 
293.155 0.1013 53.5894 293.143 80.185 
293.14/ 10.141 .5.3.4644 29.3.1.3.5 80.:>6U 

293.149 20.217 53.3448 293.137 80.921 
293.147 30.297 53.2271 293.135 81.280 
293.156 40.350 53.1098 293.144 81.639 
293.156 50.414 52.9851 293.144 82.023 
293.151 60.481 52.8752 293.139 82.365 
293.150 70.598 52.7615 293.138 82.720 
293.150 80.650 52.6512 293.138 83.067 
293.149 90.788 52.5463 293.137 83.399 
293.149 lOU.92 1 :>2.43~6 293.13/ ~j./4L 

298.147 0.1013 54.2117 298.133 78.355 
298.145 10.141 54.0853 298.131 78.721 
298.145 20.217 53.9573 298.t31 79.095 
298.142 30.297 53.8309 298.128 79.4fJ7 
298.157 40.350 53.7156 298.143 79.808 
298.157 50.414 53.5932 298.143 80.173 
298.157 60.481 53.4776 298.143 80.520 
298.157 70.598 53.3679 298.143 80.851 
:lY1:I.1)7 1:I0.6.5U 53.2540 29~.143 l:! 1.197 
298.158 90,788 53.1466 298.144 81.526 
298.158 100.921 53.0366 298.144 81.864 

A55Scai Ref. 37 

TlK plMPa e(orig.) T ITS-90/K 

293.15 0.1013 81.0 293.138 
293.15 65.7 83.4 293.! 38 
293.15 131.4 85.5 293.138 
293.15 197.1 88.7 293.13& 
293.15 :.162.S 90.1 293.138 
293.15 358.9 93.4 293.138 
293.15 424.6 95.4 293.138 
293.15 490.3 97.0 293.138 
293.15 556.0 99.0 293.138 
293.15 588.4 100.0 293.138 
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Region A: liquid water between 273.15 K and 373.12 K - Continued 

A56Gran.at P-Po Ref. 23 

TIK e(orig.) AIm T IT5-90/K e(corr.) 

273.15 88.1 0.520 273.150 88.1 
273.15 85.3 0.172 273.150 
283.15 84.0 0.520 283.144 84.0 
283.15 82.4 0.172 283.144 
293.15 80.3 0.520 293.138 80.3 
293.15 79.2 0.172 293.138 
303.15 76.6 0.520 303.133 76.6 
303.15 76.1 0.172 303.133 
313.15 73.3 0.520 313.130 73.3 
313.15 72.9 0.172 313.130 
323.15 69.9 0.520 323.127 69.9 
323.15 69.7 0.172 323.127 
333.15 66.8 0.520 333.124 66.8 
333.15 66.7 0.172 333.124 
343.15 63.7 0.172 343.124 

A56Malm.at p-po Ref. 20 

TIK e(orig.) TIT5-90/K 

273.25 87.696 273.250 
278.15 85.764 278.147 
283.15 83.834 283.142 
288.15 81.950 288.136 
293.15 80.100 293.138 
298.15 78.301 298.135 
303.15 76.540 303.133 
308.15 74.832 308.132 
313.15 73.149 313.130 
318.15 71.508 318.128 
1?1 1<; hQ917 TYU?7 

328.15 68.345 328.126 
333.15 66.820 333.124 
338.15 65.317 338.124 
343.15 63.859 343.124 
348.15 62.418 348.123 
353.15 61.019 353.123 
358.15 59.658 358.123 
363.15 58.314 363.124 
368.15 57.008 368.124 
372.15 55.985 372.125 

A58Coea Ref. 38 

TlK plMPa jiM Hz T ITS-90/K E(corr.) 

298.140 0.10 54.265 298.125 78.228 
298.144 10.14 54.133 298.129 78.610 

298.143 20.12 54.008 298.128 78.974 

298.144 30.25 53.887 298.129 79.329 

298.141 40.35 53.763 298. I 26 79.695 
298.141 50.25 53.650 298.126 80.031 

298.141 60.48 53.529 298.126 80.393 

298.141 70.60 53.415 298.126 80.737 

298.141 80.65 53.304 298.126 81.073 

298.139 90.79 53.191 298.124 81.418 
298.142 100.97 53.082 298.127 81.753 
303.144 0.\0 54.838 303.127 76.576 
303.143 10.14 54.706 303.126 76.946 
303.141 20.22 54.581 303.124 77.298 
303.144 30.3U 54.458 303.127 77.6<+6 

J. Phys. Chern. Ref. Data, Vol. 24, No.1, 199 
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Region A: liquid water between 273.15 K and 373.12 K - Continued 

AS8Coga Ref. 38 - Continued 

TIK plMPa jlMHz TITS-90/K e(corr.) 

3M.IM 40.35 54.336 303.127 77.997 
303.145 50.41 54.212 303.128 78.354 
303.141 60.48 54.093 303.124 78.699 
303.140 70.60 53.974 303.123 79.046 
303.144 80.65 53.862 303.127 79.375 
303.140 90.79 53.742 303.123 79.730 
303.140 100.92 53.630 303.123 80.063 
308.141 0.10 55.517 308.122 74.741 
308.141 10.14 55.389 308.122 75.087 
308.l41 20.21 55.255 308.122 75.451 
308.141 30.30 55.123 308.122 75.813 
308.141 40.35 54.998 308.122 76.158 
308.137 50.41 54.878 308.118 76.491 
308.139 60.48 54.762 308.120 76.815 
308.140 70.60 54.641 308.121 77.156 
308.141 80.65 54.523 308.122 77.490 
308.142 90.79 54.414 308.123 77.801 
308.136 100.92 54.298 308.Il7 78.133 
313.136 0.10 56.100 313.116 73.153 
313.134 10.14 55.966 313.ll4 13.503 
313.133 20.22 55.836 313.113 73.846 
313.139 30.30 55.704 313.119 74.196 
313.140 40.35 55.573 313.120 74.546 
313.139 50.41 55.451 313.119 74.875 
313.139 60.48 55.326 313.119 75.213 
313.138 70.60 55.206 313.118 75.540 
313.138 80.65 55.091 313.118 75.856 
313.140 90.79 54.971 313.120 76.187 
313.138 100.92 54.858 3\3.\ 18 76.501 
318.140 0.10 56.743 318.118 71.505 
318.136 10.14 56.606 318.114 71.851 
318.137 20.22 56.468 318.115 72.203 
318.137 30.30 56.335 318.115 72.544 
318.136 40.35 56,204 318.114 72.882 
318.137 50.41 56.077 318.115 73.213 
318.136 60.48 55.950 318.114 73.545 
318.136 70.60 55.829 318.114 73.864 
318.137 80.65 55.709 318.115 74.11S3 
318.136 90.79 55.590 318.114 74.501 
318.138 100.92 55.471 318.116 74.821 
323.139 0.10 57.399 323.116 69,897 
323.141 10.14 57.258 323.118 70.225 
323.140 20.22 57.117 323.117 70.534 
323.139 30.30 56.982 323.116 70.923 
323.140 40.35 56.847 323.117 71.206 
323.141 50.41 56.718 323.118 71.585 
323.142 60.48 56.583 323.119 71.910 
323.14\ 70.60 56.458 323.118 72.228 
323.138 80.65 56.334 323.115 72.546 
323.138 90.79 56.215 323.115 72.854 
323. \38 100.92 56.095 323.115 73.166 
328.119 0.10 58.048 328.095 68.327 
328.117 10.14 57.903 328.093 68.669 
328.120 20.22 57.762 328.096 69.005 
328.118 30.30 57.619 328.094 69.348 
328.115 40.35 57.484 32~.U91 69.674 

328.119 50041 57.351 328.095 69.997 
328.121 60.48 57.218 328.097 70.323 
328.122 70.60 57.090 328.098 70.638 
328.125 80.65 56.970 328.101 70.936 
328.124 90.79 56.847 328.100 71.243 
328.126 100.92 56.731 328.102 71.535 
333.137 0.10 58.7\ \ 333.11 \ 66.793 
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Region A: liquid water between 273.15 K and 373.12 K - Continued 

TIK 

333.138 
333.\37 
333.138 
333.136 
333.140 
333.139 
333.131 
333.137 
333.138 
333.134 
338.141 
338.141 
338.141 
338.141 
338.139 
338.138 
338.\37 
338.136 
338.144 
338.138 
338.138 
343.144 
343.141 
343.141 
343.140 
343.148 
343.142 
343.145 
343.142 
343.142 
343.142 

343.\42 

TlK 

273.15 
278.15 

283.15 
288.15 
293.15 
298.15 
313.15 

T/K 

292.15 
284.16 
283.23 
282.39 
281.53 
280.66 
279.81 
278.95 
278.07 

277.19 
277.09 
276.:10 

J. Phys. Chern. Ref. Data, Vol. 24, No.1, 1995 

A58Coga Ref. 38 - Continued 

p/MPa J/MHz TITS-90/K 

10.14 58.568 333.112 
20.22 58.420 333.111 
30.30 58.277 333.112 
40.35 58.138 333.110 
50.41 58.007 333.II4 
60.48 57.869 333.113 
70.60 57.732 333.105 
80.65 57.606 333.111 
90.79 57.478 333.112 

[00.92 57.36<J 333.108 
0.10 59.415 338.115 

10.14 59.261 338.115 
20.22 59.ttl 338.t t5 
30.30 58.965 338.115 
40.35 58.823 338.113 
50.41 58.681 338.112 
60.48 58.544 338.111 
70.60 58.411 338.110 
80.65 58.286 338.118 
90.79 58.152 338.112 

100.92 58.028 338.112 
0.10 60.095 343.118 

10.14 59.932 343.115 
20.22 59.778 343.115 
30.30 59.625 343.114 
40.35 59.481 343.122 
50.31 59.340 343.116 
60.48 59.199 343.119 
70.68 59.060 343.116 
80.65 58.928 343.116 
90.80 58.7')4 3,f3.116 

100.92 58.664 343.116 

A62Vidu.at P=Po Refs. 19 and 22 

E(Orig.) TITS-90/K 

87.910 273.150 
85.890 278.147 

83.960 283.144 
82.110 288.140 
80.200 293.138 
78.390 298.135 
73.190 313.130 

A66Rusc.at P-Po Ref. 39 

E(Orig.) T ITS-90/K E(corr.) 

80.726 292.138 80.666 
83.738 284.152 83.678 
84.098 283.224 84.038 
84.435 282.384 84.375 
84.754 281.525 84.694 
85.095 280.655 85.035 
85.436 279.805 85.376 
85.768 278.946 85.708 
86.121 278.067 86.061 
86.466 277.187 86.406 
86.496 277.087 86.436 
86.816 276.297 86.756 

e(corr.) 

67.119 
67.460 
67.791 
68.115 
68.423 
68.750 
69.077 
69.379 
69.688 
69.975 
65.220 
65.559 
65.890 
66.219 
66.539 
66.861 
67.174 
67.480 
67.770 
68.083 
68.374 
63.753 
64.100 
64.430 
64.761 
65.075 
65.385 
65.696 
66.006 
66.302 
66.604 

66.900 
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Region A: liquid water between 273.15 K and 373.12 K - Continued 

TIK 

275.42 
~74.53 
27'3.66 
298.23 
297.46 
296.56 
295.62 
294.67 
293.72 
292.74 
291.77 
290.76 
289.85 
288.90 
287.98 
287.91 
286.93 
285.93 
284.96 
283.94 
282.97 
281.95 
280.93 
279,97 
278.92 
278.63 
277.74 
276.87 
275.97 
275.10 
274.23 
273.35 
275.00 

TIK 

293.15 
293.15 
293.15 
293.15 
293.15 
293.15 
293.15 
293.15 

293.15 
293.15 
293.15 
?C)~ l'i 

293.15 
303,15 
303.15 
303.15 
303.15 
303.15 
303.15 
303.15 
303. I5 

303.15 
303.15 

303.15 

A66Rusc.at p-po Ref. 39 - Continued 

e(orig.) 

87.167 
87.533 
87.880 
78.522 
78.801 
79.130 
79.462 
79.817 
80.166 
80.515 
80.877 
81.229 
81.585 
81.951 
82.288 
82.320 
82.688 
83.061 
83.439 
83.825 
84.212 
84.601 
84.996 
85.391 
85.788 
85.928 
86.276 
86.615 
86.972 
87.326 
87.677 
88.026 
87.355 

TITS-90/K 

275.418 
274.529 
273.660 
298.215 
297.446 
296.546 
295.606 
294.657 
293.708 
292.728 
291.758 
290.749 
289.840 
288.890 
287.970 
287.900 
286.921 
285.922 
284.952 
283.933 
282.964 
281.944 
280.924 
279.965 
278.916 
278.627 
277.737 
276.867 
275.968 
275.099 
274.229 
273.350 
273.999 

A69Scha Ref. 40 

pfMPa 

0.0981 
12.75 
25.69 
37.95 
50.50 
61.98 
71.78 
81.59 

91.40 
101.01 
i 10.82 
llC)h4 

125.53 
0.0981 

12.75 
25.69 
37.95 
50.50 
61.98 
71.78 
81.59 

91AD 
101.01 

/10.82 

.. (orig,) 

80.360 
81.110 
81.600 
82.020 
82.430 
82.450 
83.190 
83.500 

83.990 
84.230 
84.680 
R47?() 

85.010 
76.650 
77.150 
77.680 
78.000 
78.330 
78.850 
79.350 
79.800 

80.090 
80.510 
80.900 

e(corr.) 

87.107 
87.473 
87.820 
78.462 
78.741 
79.070 
79.402 
79.757 
80.106 
80.455 
80.817 
8 l.l 69 
81.525 
81.891 
82.228 
82.260 
82.628 
83.001 
83.379 
83.765 
84.152 
84.541 
84.936 
85.331 
85.728 
85.868 
86.216 
86.555 
86.912 
87.266 
87.617 
87.966 
87.295 

T ITS-90/K 

293.138 
293.138 
293.138 
293.138 
293.138 
293.138 
293.138 
293.138 

293.138 
293.138 
293.138 
"C)~ l1R 

293.138 
303.133 
303.133 
303. 133 
303.133 
303.133 
303.133 
303.133 
.10J.1 JJ 

303.133 
303.133 
303.133 

Region A: liquid water between 273.15 K and 373.12 K - Continued 

TIK 

303.15 
303.15 
318.15 
318.15 
318.15 
318.15 
318.15 
318.15 
318.15 
318.15 
318.15 
318.15 
318.15 
318.15 
318.15 

TIK 

373.15 
373.15 
373.15 
373.15 
373.15 
373.15 
373.15 
373.15 
373.15 
373.15 
373.15 
373.15 

TIIr. 

278.15 
288.15 
293. \5 
303.15 
308.15 
313.15 
323.15 
328.15 

333.15 
283.15 
283.15 
?R~ 1 'i 

283.15 
283.15 
283.15 
283.15 
283.15 
283.15 
283.15 
283.15 
28:1.15 

283.15 
298.15 
298.15 

A69Scha Ref. 40 - Continued 

plMPa 

119.64 
125.53 

0.0981 
12.75 
25.69 
37.95 
50.50 
61.98 
71.78 
81.59 
91.40 

101.01 
110.82 
119.64 
125.53 

e(orig.) 

81.130 
81.340 
71.200 
71.500 
71.800 
72.210 
72.580 
72.830 
73.100 
73.280 
73.800 
73.980 
74.210 
74.480 
74.750 

A69Hege Ref. 41 

plMPa 

0.1 
25 
50 

100 
150 
200 
250 
300 
350 
400 

450 
500 

e(orig.) 

55.300 
56.150 
56.950 
58.400 
59.600 
60.800 
61.900 
62.900 
63.800 
64.700 
65.500 
66.300 

A69Dunn Ref. 21 

plMPa 

0.1 
0.1 
0.\ 
0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 

16.3 
11 C) 

51.7 
68.9 
86.2 

103.4 
120.7 
\37.9 
155.1 
172.4 
189.6 

206.8 
0.1 

16.3 

~(orig.) 

85.752 
81.972 
80.100 
76.541 
74.818 
73.150 
69.893 
68.336 

. 66.802 

83.828 
84.421 
R'i ORI 

85.757 
86.374 
86.998 
87.603 
88.237 
88.8\6 
89.381 
89.948 
90.328 

91.100 
78.304 
78.852 

TITS-90/K 

303.133 
303.133 
318.128 
318.U8 
318.128 
318.128 
318.128 
318.128 
318.128 
318.128 
318.128 
318.128 
318.128 
318.128 
318.128 

TITS-90/K 

373.124 
373.124 
373.124 
373.124 
373.124 
373.124 
373.124 
373.124 
373.124 
373.124 
373.124 
373.124 

278.147 
288.140 
293.\38 
303.133 
308.131 
313.130 
323.127 
328.126 

333.124 
283.144 
283.144 
?R~ 144 

283.144 
283.144 
283.144 
283.144 
283.144 
183. \44 
283.144 
283.144 
283.144 

283.144 
298.135 
298. J 35 
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Region A: liquid water between 273. 15K and 373. 12K - Continued 

TIK 

?9R l'i 

298.15 
298.15 
298.15 
'298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
318.15 
318.15 
318.15 
318.15 
318.15 
318.15 
318.15 
318.15 
318.15 
318.15 
318.15 
318.15 

318.15 
338.15 
338.15 
338.15 
338.15 
338.15 
338.15 
338.15 
338.15 
338.15 
338.15 
338.15 
11R 1" 
338.15 

TfK 

283.15 
283.15 
283.15 
283.15 
283.15 
283.15 
283.15 
298.15 
298.15 
298.15 
298.15 
298.15 

298.15 
298.15 
313.15 
313.15 
313.15 
313.15 
313.15 
31.\15 
313.15 

A69Dunn Ref. 21 

p/MPa 

11.9 

51.7 
68.9 
86.2 

103.4 
120.7 
137.9 
155.1 
172.4 
189.6 
206.8 

0.1 
16.3 
33.9 
51.7 
68.9 
86.2 

103.4 
120.7 
137.9 
155.1 
172.4 
189.6 

206.8 
0.1 

16.3 
33.9 
51.7 
68.9 
86.2 

103.4 
120.7 
137.9 
155.1 
172.4 
1 Re) fo. 

206.8 

Continued 

e(orig.) 

79478 

80.102 
80.676 
81.303 
81.831 
82.401 
82.999 
83.498 
84.023 
84.546 
85.095 
71.503 
72.051 
72.627 
73.251 
73.825 
74.352 
74.899 
75.452 
75.951 
76.415 
76.924 
77.425 

77.900 
65.303 
65.879 
66.451 
67.031 
67.549 
68.018 
68.546 
69.039 
69.502 
69.905 
70.385 
7().R4.R 

71.274 

A 73Srin Ref. 42 

plMPa 

0.1 
50.0 

100.0 
150.0 
200.0 
250.0 
300.0 

0.1 
50.0 

100.0 
150.0 
200.0 

250.0 
300.0 

0.1 
50.0 

100.0 
150.0 
200.0 
250.0 
300.0 

E(Ong.J 

83.947 
85.790 
87.587 
89.242 
90.836 
92.284 
93.756 
78.445 
80.239 
81.935 
83.532 
85.053 

86.528 
88.054 
73.157 
74.881 
76.523 
78.014 
79.464 
80.793 
82.089 
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TITS-90/K 

.,QRJ15 

298.135 
298.135 
298.135 
298.135 
298.135 
298.135 
298.135 
298.135 
298.135 
298.135 
318.128 
318.128 
318.128 
318.128 
318.128 
318.128 
318.128 
318.128 
318.128 
318.128 
318.128 
318.128 

318.128 
338.124 
338.124 
338.124 
338.124 
338.124 
338.124 
338.124 
338.124 
338.124 
338.124 
338.124 
11R 1?4 

338.124 

T ITS-90IK 

283.148 
283.148 
283.148 
283.148 
283.148 
283.148 
283.148 
298.144 
298.144 
298.144 
298.144 
298.1·1,1 

298.144 
298.144 
313.140 
313.140 
313.140 
313.140 
313.140 
313.140 
313.140 

Region A: liquid water between 273.15 K and 373.12 K - Continued 

TlK 

TIK 

298.15 

TIK 

305.50 
290.75 
287.30 
283.40 
280.00 
276.65 
274.90 

TIK 

298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 

298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
298.15 
373.15 
373.15 
373.15 
373.15 
373.15 

373.15 
373.15 
373.15 
373.15 
373.15 
373.15 
373.15 
373.15 
373.15 

A 73Srin Ref. 42 - Continued 

p/MPa e(orig.) 

A81 Kaat.at P-Po Ref. 7 

e(orig.) T ITS-90/K 

78.32 298.144 

A82Bert.at p-po Ref. 43 

e(orig.) 

75.7 
80.9 
82.2 
83.7 
84.9 
86.3 
87.0 

TITS-90/K 

305.492 
290.746 
287.297 
283.398 
279.998 
276.649 
274.900 

A84Deui Ref. 44 

p/MPa 

0.1 
5.0 

10.0 
20.0 
30.0 
40.0 
50.0 
60.0 
70.0 
80.0 
90.0 

100.0 
120.0 
140.0 
150.0 
160.0 

180.0 
200.0 
220.0 
240.0 
250.0 
260.0 
280.0 
300.0 

0.1 
5.0 

10.0 
20.0 
30.0 

40.0 
50.0 
60.0 
70.0 
80.0 
90.0 

100.0 
120.0 
140.0 

e(orig.) 

78.36 
78.53 
78.72 
79.10 
79.47 
79.83 
80.20 
80.57 
80.91 
81.25 
81.59 
81.92 
82.56 
83.19 
83.50 
83.S0 

84.40 
84.95 
85.50 
86.05 
86.28 
86.52 
87.00 
87.51 
55.31 
55.50 
55.7l 
56.10 
'in 47 

56.82 
57.16 
57.48 
57.80 
58.10 
58.40 
58.68 
59.25 
59.80 

T ITS-90/K 

T ITS-90/K 

298.144 
298.144 
298.144 
298.144 
298.144 
298.144 
298.144 
298.144 
298.144 
298.144 
298.144 
2Y~.144 

298.144 
298.144 
298.144 
29S.H'l 

298.144 
298.144 
298.144 
298.144 
298.144 
298.144 
298.144 
298.144 
373. \24 
373.124 
373.124 
373.124 
17:\.1 ?4 

373.124 
373.124 
373.124 
373.124 
373.124 
373.124 
373.124 
373.124 
373.124 
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Region A: liquid water between 273.15 K and 373.12 K - Continued Region A: liquid water between 273.15 K and 373.12 K - Continued 

A84Deui Ref. 44 Continued 
A94Fem.at P-Po Ref. 45 - Continued 

T/K plMPa e.(orig.) TlTS-90/K 2. Results obtained with the LCR meter. 

373.15 150.0 60.02 373.124 TITS-90/K .:(orig.) uncertainty 

,373.15 160.0 60.32 373.124 
373.15 L80.0 60.80 373.124 353.130 60.9 19 O.Ol g 

373.15 200.0 61.29 373.124 353.154 6O.87g 0.018 
373.15 220.0 61.76 373.124 363.137 58.137 0.029 
373.15 240.0 62.20 373.124 373.113 55.503 O.O~ 

373.15 250.0 62.45 373.124 373.147 55.515 O.O~ 

373.15 260.0 62.64 373.124 
373.15 280.0 63.08 373.124 
373.15 300.0 63.49 373.124 Region B: saturation curve 

BOshr.sl Ref. 28 
A94Fem.at p=po Ref. 45 

TIK .:(orig.) TITS-90/K .:(corr.) 

I. Results obtained with the RT bridge. 371.6 55.91 371.575 55.94 
373.5 55.35 373.474 55.38 

T ITS-90/K .:(orig.) uncertainty 381.5 53.67 381.472 53.70 
382.4 53.33 382.372 53.36 

273.174 87.877 0.015 390.4 51.57 390.3&1 51.60 
283.142 83.998 0.01 0 397.5 49.49 397.479 49.51 
293.143 80.226 0.009 398.0 49.53 397.979 49.55 
298.138 78.388 0.008 407.2 47.80 407.177 47.82 
298.139 78.401 0.008 414.3 46.16 414.286 46.19 
298.1-'4 78.406 0.008 425.2 43.78 425.185 43.81 
303.\32 76.637 0.007 428.5 43.30 428.484 43.33 
313.125 73.216 0.009 428.7 42.63 428.684 42.66 
313.131 73.195 0.009 428.8 42.80 428.784 42.83 
323.129 69.94. 0.012 43R.9 40.64 438.893 40.66 
323.139 69.952 0.012 442.2 40.32 442.193 40.34 
333.120 66.790 0.0 15 448.5 39.11 448.492 39.13 
343.127 63.86, 0.020 449.9 38.84 449.892 38.86 
343.134 63.797 0.020 456.4 37.35 456.401 37.37 
343.147 63.8h 0.020 46l.3 36.56 461.301 36.58 
353.121 60.968 0.032 462.4 36.56 462.401 36.58 
353.128 61.039 0.032 465.3 35.85 465.301 35.87 
353.130 6l.070 0.032 466.4 35.85 466.401 35.87 
353.154 60.952 0.032 471.2 34.85 471.200 34.87 
363.127 58.317 0.052 478.4 33.97 478.400 33.99 
363.137 58.286 0.05 2 478.5 33.75 478.510 33.77 
373.111 55.718 0.080 482.7 33.24 482.710 33.26 
373.113 55.80g 0.080 483.4 32.92 483.410 32.94 
373. \ 47 55.720 0.080 485.1 32.94 485.110 32.96 

487.9 32.18 487.910 32.20 
490.8 31.73 490.810 31.74 

2. Results obtained with the LCR meter. 491.8 31.72 491.810 31.73 
493.6 31.81 493.610 31.82 

T ITS-90,'K e(orig.) uncertainty 494.3 31.24 494.310 31.25 
496.0 31.38 496.010 31.39 

273.\7~ 87.88.1 0.03.1 496.5 31.05 496.510 31.06 
283.142 84.01. 0.01, -19&.0 30.91 19&.010 30.95 
293.143 80.23 y 0.011 500.7 30.18 500.710 30.19 
298.139 78.40: 0.01'1 502.8 30.18 502.810 30.19 
298.154 78AI~ 0.01:\ 504.8 29.76 504.810 29.77 
303.132 76.631 0.009 504.9 29.60 504.920 29.61 
313.125 13.235 U.lJO<:J 507.2 28.99 507.220 29.00 
323.129 69.94" 0.01! 508.6 28.97 508.620 28.98 
323.139 69.93. O.Oli 509.6 28.84 509.620 28.85 
343.127 63.827 0.01. 512.3 28.35 512.320 28.36 
343.134- 63.79,) 0.01. 513.9 28.52 513.920 28.53 
343.147 63.80k O.OL 515.2 27.97 515.220 27.98 
353.128 60.94, 0.01 ~ 519.0 27.46 519.020 27.49 
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Region B: saturation curve - Continued Region B: saturation curve - Continued 

BOshr.sl Ref. 28 - Continued BOshr.sl Ref. 28 - Continued 

TIK 

519.9 
.520.8 

521.1 
524.2 

-!!,27.2 
52B.O 
530.6 
533.5 
535.3 

538.7 
540.3. 
541.8 
542.0 
542.2 
545.1 
545.3 
548.2 
549.1 
549.4 
551.2 

552.3 
555.9 
557.8 
5:>8.8 

561.4 
564.2 

569.9 
572.2 
575.7 
577.8 
580.4 
581.6 
581.8 
582.2 
584.8 
588.9 
391.3 

592.5 
595.3 

595.4 
596.7 
597.6 

602.5 
613.8 
614.5 
6[5.[ 

6[7.8 
6[9.5 

620.3 
623.[ 

625.0 
625.9 
627.5 
627.5 
629.2 
632. [ 

632.3 
634.7 
65').1 

641.8 
641.9 
642.3 
642.3 

e(orig.) 

27.67 
27.25 

27.32 
26.57 
26.00 
26.15 
25.71 
25.30 
24.85 
24.42 
24.70 
24.11 
24.16 
24.38 
23.67 
23.52 

23.05 
23.35 
23.01 
23.38 
22.56 
22.12 
22.18 
:l1.'J:l 

21.27 
21.26 
20.29 
19.19 
19.43 
19.19 
18.74 
18.68 
18.62 
18.52 
17.97 
17.53 
1u.99 

17.05 
16.68 

16.83 
16.97 
16.69 
15.95 
14.38 

13.24 
14.59 
14.00 
12.92 
[3.56 

13.19 
13.02 
12.18 
12.82 
12.38 
12.01 
11.22 
11.94 
11.06 
').~I 

8.91 
9.74 

9.34 
9.18 

TITS-90/K 

519.920 
520.820 

521.120 
524.220 
527.220 
528.020 
530.620 
533.520 
535.320 
538.730 
540.330 
541.830 
542.030 
542.230 
545.130 
545.330 

548.230 
549.130 
549.430 
551.230 
552.330 
555.930 
557.830 
55!USJU 

561.430 
564.230 
569.930 
572.230 
575.730 
577.830 
580.430 
581.630 
581.830 
582.230 
584.830 
588.930 
591.330 

592.540 

595.340 
595.440 
596.740 
597.640 
602.540 
613.840 
614.540 
615.140 
6[7.839 

619.539 
620.339 
623.139 
625.039 
625.939 
627.539 
627.539 
629.238 
632.138 

632.338 
634.738 
6J').1.i I 

641.837 
641.937 
64:U37 
642.337 
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e(corr.) 

27.69 
27.27 

27.34 
26.59 
26.02 
26.17 
25.73 

25.32 
24.87 
24.44 
24.72 
24.13 
24.18 
24.40 
23.69 
23.54 
23.07 
23.37 
23.03 
23.40 
22.57 
22.13 
22.19 
:l1.9J 

21.28 
21.27 
20.30 
19.20 
19.44 
19.20 
18.75 
18.69 
18.63 
18.53 
17.98 
17.54 
17.00 

17.06 

16.69 
16.84 
16.98 
16.70 
15.96 
14.39 
[3.24 
[4.60 
[4.01 

12.92 
[3.57 
13.19 

13.02 
12.18 
12.82 
12.38 
12.01 
11.22 
11.94 
11.06 
':USI 

8.92 
9.75 
9.35 
9.19 

TIK 

643.2 
U43.7 

643.8 
645.0 
645.5 
646.7 
647.5 

648.3 
648.8 

650.2 
650.7 
650.8 
654.2 

TIK 

542.0 
544.0 
553.0 
556.3 
5:>9.0 

561.5 
570.5 

576.5 
580.0 
586.0 
589.0 
591.0 
593.0 
602.0 

610.5 
613.0 
616.0 
018.0 

622.0 

625.0 
626.5 
629.5 
631.0 
631.5 
632.0 
632.5 
636.5 
638.5 
639.5 
640.0 
641.0 
642.0 

TiK 

373 
425 

473 
523 
543 
573 

e(orig.) 

9.67 
9.27 

9.01 
8.91 
9.24 
9.20 
8.93 

9.00 
8.91 
9.23 
9.00 
8.85 
8.66 

T ITS-90/K 

643.237 
643.7J7 

643.837 
645.037 
645.537 
646.737 

B75Svis.sv Ref. 51 

e(orig.) 

1.20 
1.24 
1.27 
1.30 
1.28 

L.33 
1.36 
1.38 
1.42 
1.46 
1.47 
1.49 
1.50 
1.61 
1.70 
1.75 
1.78 
1.85 

1.90 
1.97 
2.03 
2.09 
2.13 
2.20 

- 2.21 

2.25 
2.42 

T ITS-90/K 

542.110 
544.110 
553.110 
556.410 
.5.59.110 

561.610 
570.610 
576.610 
580.110 
586.[ 10 
589.110 
591.110 
593.110 
602.110 
610.610 
613.110 
616.109 
618.109 

622.109 

625.109 
626.609 
629.608 
631.[08 

631.608 
632.108 
632.608 
636.608 

2.58 638.608 
2.62 639.607 
2.66 640. [07 
2.7\ 641.[07 
2.80 642.107 

88 [Luka.sl Ref. 47 

E(Orig.) 

55.55 
43.89 

34.59 
26.75 
23.86 
19.66 

T ITS-90/K 

373.124 
423.115 

413.110 
523.110 
543.110 
573.110 

e(corr.) 

9.68 
9.28 

9.02 
8.92 
9.25 
9.21 
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Region B: saturation curve - Continued R.egion B: saturation curve - Continued 

B81Luka.sl Ref. 47 - Continued B94Mule.sv Ref. 53 - Continued 

TIK e.(orig.) TIK e.(orig.) TITS-90/K 

593 16.88 593.110 608.54 1.684 608.500 

623 12.61 623.109 609.52 1.698 609.480 

633 11.22 633.108 609.95 1.704 609.910 
643 Q74 641.107 610.90 1.717 610.860 

611.65 1.727 611.610 
612.81 1.745 612.770 

B81Luka.sv Ref. 47 613.62 1.758 613.580 
613.95 1.763 613.910 

TIK e.(orig.) T ITS-90/K e.(corr.) 614.24 1.76!S 614.2UO 
614.75 1.779 614.710 

423 1.03 423.115 1.03 

473 1.06 473.110 1.06 
523 1.16 523.110 116 

543 1.22 543.110 1.22 Region C; one-phase region above 373.12 K 

573 1.39 573.110 1.39 

593 1.52 593.110 1.52 C54Fogo Ref. 54 
623 1.97 623.109 1.97 
633 2.28 633.108 2.28 e(OIig.) TITS-90/K 
643 2.88 643.107 2.88 
647 5.10 649.55 213.6 3.270 649.582 
523.15 1.152 523.110 1.152 655.65 213.6 3.210 655.681 
573.15 1.350 573.110 1.350 652.35 229.0 3.290 652.382 
593.15 1.501 593.110 1.501 658.05 229.0 3.290 658.081 
603.L5 1.602 603.110 1.602 663.75 229.0 3.250 663.780 
623.15 1.936 623.109 1.936 668.75 229.0 3.250 668.779 
628.15 2.071 628.109 2.071 650.55 261.3 4.160 650.582 
633.15 2.246 633.108 2.246 656.65 261.3 4.160 656.681 
638.15 2.523 638.108 2.523 662.65 261.3 4.120 662.680 
643.15 3.022 643.107 3.022 668.75 261.3 4.050 668.779 

65L.35 286.5 4.180 651.382 
656.75 286.5 4.180 656.781 

B88Much.Sv Ref. 52 661.85 286.5 4.160 661.880 
666.75 286.5 4.120 666.779 

TIK e(orig.) T ITS-90/K 650.55 300.8 4.940 650.582 
655.65 300.8 4.890 655.682 

473.15 1.065 473.110 661.65 300.8 4.860 661.680 
523.15 1.155 523.110 666.75 300.8 4.830 666.779 
573.15 1.350 573.110 651.15 334.3 5.680 651.182 
593.15 1.495 593.110 656.65 334.3 5.620 656.681 
603.15 1.597 603.1 10 661.95 334.3 5.620 661.980 
623.15 1.919 623.109 665.75 334.3 5.610 666.779 
633.15 2.204 633.108 649.55 344.3 6.170 649.582 

655.75 344.3 6.130 655.782 
661.65 344.3 6.060 661.680 

B94Mule.sv Ref. 53 665.75 344.3 5.930 665.779 
650.55 402.0 7.180 650.582 

TJK e(orig.) T ITS-90/K 656.35 402.0 7.090 656.381 
660.95 402.0 6.940 660.980 

510.31 1.125 510.270 666.35 402.0 6.940 666.379 
525.13 1.162 525.090 637.15 503.1 10.100 637.184 
530.14 1.176 530.100 638.55 503.1 10.120 638.584 
541.10 1.211 541.060 647.05 503.1 9.980 647.082 
541.34 1.215 541.300 
54l.77 1.216 541.730 
548.82 1.235 548.780 C63Gier Ref. 62 
563.64 1.302 563.600 
574.39 1.358 574.350 T/K p!MPa E(Orig.) T ITS-90/K 
~~o.71 1.4;:)0 :586.670 

593.32 1.506 593.280 473.\5 1.52 34.6 473.153 
596.69 1.540 596.650 473. \5 40.53 35.6 473.153 
599.18 1.566 599.140 473.15 81.06 36.8 473.153 
1)019R 1.'i9'i 1)0 I 94() 473.15 121.5<) 37.9 ·173.153 
605.77 1.645 605.730 473.15 162.12 39.0 473.153 

J. Phvs. Chern \=lpf I"\~t." \/,,\ ,,. ~I- • 
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Region C: one~phase region above 373.12 K - Continued 

TIK 

523.15 

523.15 

523.15 

523.15 
523.15 
523.15 
574.15 
574.15 
574.15 

574.15 
574.15 

574.15 
623.15 
623.1:5 

623.15 

623.15 
623.15 

TIK 

473.15 
473.15 
473.15 
473.15 
473.15 
473.15 

473.15 
473.15 
473.15 

473.15 
473.15 
473.15 
.523.1.5 

523.15 

523.15 

523.15 

523.15 
523.15 
523.15 
523.15 
523.15 

523.15 
523.15 

523.15 

523.15 
::>/J.t::> 
573.15 

573.15 
573.15 
573.15 

573.15 

573.15 

573.15 

573.15 
573.15 
573.15 
573.15 

573.15 
623.15 

623.15 

C63Gier Ref. 62 Continued 

plMPa 

3.95 

40.53 

81.06 
121.59 
162.12 
202.65 

8.71 
40.53 
81.06 

121.59 
162.12 

202.65 
16.62 
40.:53 

81.06 
121.59 

162.12 

e(orig.) 

26.5 

28.2 

30.1 

32.0 

33.9 
35.7 
19.6 
21.2 
23.1 

25.1 

27.0 

29.0 
12.6 
13.9 

15.9 
18.0 

20.0 

C69Hege Ref. 41 

plMPa 

25 
50 

100 
150 

200 
250 
300 
350 
400 
450 

500 
:> 

25 

50 

75 

100 
150 

200 
250 
300 
350 

400 
450 

500 
to 

25 
50 

75 
100 

150 

200 
250 

300 
350 
400 
450 

500 
17 

25 

e(orig.) 

34.60 
35.40 
36.35 
38.00 
39.50 

40.80 

41.90 
42.80 
43.70 
44.45 
45.20 
45.80 
20.7U 

28.05 

29.40 

30.45 

31.35 
32.80 
34.05 
35.10 

36.00 
36.80 

37.50 

38.20 

38.70 
20.LO 

21.50 

23.00 
24.20 
25.30 

27.00 

28.40 

29.50 

30.45 
31.30 
32.00 
32.65 
33.20 
13.10 

14.80 
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TITS-90/K 

523.171 
523.171 

523.171 

523.171 
523.171 
523.171 
574.183 
574.183 
574.183 

574.183 

574.183 

574.183 

623.186 
623.186 

623.186 
623.186 

623.186 

T ITS-90/K 

473.150 
473.150 
473.150 

473.150 
473.150 

473.150 
473.150 
473.150 
473.150 
473.150 

473.150 
473.150 
:>23.I/U 

523.170 

523.170 

523.170 

523.170 
523.170 
523.170 
523.170 

523.170 

523.170 
523.170 

523.170 
523.170 
57.3.180 

573.180 

573.180 
573.180 
573.180 

573.180 

573.180 

573.180 

573.180 
573.180 
573.180 

573.180 
573.180 

623.189 

623.189 

TIK 

623.1.5 

623.15 

623.15 

623.15 

623.15 
623.15 
623.15 
623.15 
623.15 

623.15 

623.15 

673.15 
673.15 
673.1:5 

673.15 

673.15 
673.15 
673.15 

673.15 

673.15 

673.15 

673.15 
673.15 
673.15 
673.15 
673.15 
673.15 
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C69Hege Ref. 41 
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Region C: one-phase regionll!Jove 373.12 K Continued 
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Region C: one-phase region above 373.12 K - Continued 
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Region C: one-phase region above 373.12 K - Continued Region C: one-phase region above 373.12 K - Continued 
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C84Deul Ref. 44 - Continued 
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Region C: one-phase region above 373.12 K - Continued Region D: supercooled water - Continued 

C84Deul Ref. 44 - Continued D76Hast.at p-po Ref. 64 

T/K plMPa £(orig.) TITS-90/K T/K £(orig.) TITS-901K 

673.15 90.0 14.93 673.102 238.15 107.7 238.157 

673.15 100.0 15.48 673.102 243.15 104.2 243.156 

~7~.15 120.0 16.40 673.102 248.15 100.8 248.155 

673.15 140.0 17.25 673.102 253.15 98.3 253.154 

673.15 150.0 17.66 673.102 258.15 95.6 258.153 

673.15 160.0 18.02 673.102 263.15 93.4 263.152 

673.15 180.0 18.72 673.102 268.15 90.9 268.151 

673.15 200.0 19.40 673.102 
673.15 220.0 20.00 673.102 
673.15 240.0 20.55 673.102 D78Hodg.at P-Po Ref. 65 

673.15 250.0 20.79 673.102 
673.15 260.0 21.00 673.10'1 TIK f(Orig.) TITS-90/K 

673.15 280.0 21.50 673.102 
673.15 300.0 21.90 673.102 238.15 106.3 238.157 

244.35 101.5 244.356 
250.85 98.1 250.855 
Z:H.n 98.0 2:51.7:1:1 

Region D: supercooled water 257.15 95.1 257.154 
263.35 92.4 263.352 

D66Rusc.at P-Po Ref. 39 

TlK E(Orig.) TITS-90/K f(eorr.) D82Bert.at P-Po Ref. 43 

271.31 88.835 271.310 88.775 TIK E(Orig.) TITS-90/K 

26&.62 89.953 268.623 89.893 
272.77 88.236 272.770 88.176 272.45 88.0 272.450 

271.92 88.584 271.920 88.524 270.10 89.0 270.101 

271.02 88.949 271.020 88.889 267.05 90.4 267.051 

270.11 89.317 270.113 89.257 264.35 91.6 264.352 

269.21 89.685 269.213 89.625 261.55 92.7 261.553 

268.30 90.065 268.303 90.005 256.90 94.8 256.904 

272.46 88.389 272.460 88.329 
271.57 88.749 271.570 88.689 
270.69 89.116 270.692 89.056 
269.79 89.477 269.793 89.417 
268.90 89.843 268.903 89.783 
268.02 90.212 268.023 90.152 




